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Abstract

The article studies the impact of irregular vehicles movements on accidents at airports. It is
established that the operational determination of the distribution of traffic intensity of vehicles directly
affects the regularity and efficiency of flights. Factors affecting the intensity of the movement of freight
vehicles are determined, and calculations are made for its effective distribution. The Poisson distribution is
utilized to improve the efficiency of traffic intensity of cargo vehicles in the airport area. Based on the
Poisson distribution, the potential intensity of vehicles during a specific time interval is calculated using
the total number of cargo vehicles serving the airports. The results of these calculations are displayed
graphically.
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Aeroport Jrazisindo yiikdasima vasitalorinin harakat intensivliyinin
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Xiilaso

Magqalads hava limanlarinin srazisinde naqliyyat vasitolorinin nizamsiz harakatlorinin qozalara tasiri
aragdirtlmigdir. Miioyyon edilmisdir ki, nogliyyat vasitolorinin horokoat intensivliyinin paylanmasinin
operativ toyin edilmesi ucuslarin miintozomliyino va effektivliyino birbaga tosir edir. Yiikdasima
vasitalorinin harokot intensivliyins tesir edon amillor miisyyan edilmis vo onun effektiv paylanmasi iiciin
hesablamalar aparilmigdir. Yiikdagima vasitolorinin hava limaninin orazisindo horokot intensivliyinin
effektivliyini artirmaq iiclin Puasson paylanmasindan istifade edilmisdir. Puasson paylanmasi asasinda
hava limanlarinda xidmot gostoron ylikdasima vasitolorinin imumi sayina osason miioyyon vaxt
intervalinda noqliyyat vasitolorinin miimkiin intensivliyi hesablanmigdir. Hesablamanin noticasi grafiklo
gostorilmisdir.

Acar sozlor:  yik, noqliyyat vasitesi, hava limani, paylanma, intensivlik, vaxt.
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PacnpenesieHrie HHTEHCMBHOCTH JABUKEHUS TPAHCIOPTHBIX CPEICTB
B paiioHe ajponopra

J.A. Araes

Azepbaiioncanckas Hayuonanvnas axademuss asuayuu (Mapoaxanckuii np., 30, baxy, AZI1045,
Aszepbatioacarn)

Juis mepenuckm:
AraeB DnbrioH / e-mail: eaghayev(@naa.edu.az

AHHOTAIUA

B craree wccnenoBaHO BIHMSHAE HEPETYISIPHOTO JIBIDKEHHS TPaHCIOPTHBIX CPEICTB Ha
aBapuitHOCTh B adponoprax. OmpeneneHo, 4To ONepaTHBHOE paclpe/elieHHe HHTCHCUBHOCTH JIBUKCHHUSI
TPAHCHOPTHBIX CPE/ICTB HANPSMYIO BIUSET Ha PeryaspHOCTh U 3ddexkTuBHOCTh noneToB. OnpeaencHbl
(baxTOpHl, BIUAIOLINE HA HHTEHCUBHOCTD JBM)KCHHS TPAHCHOPTHBIX CPEICTB, M MPOU3BEICHBI PACUEThl UX
apdektuBHOTO pacnpenenenus. Pacmpenenenne IlyaccoHa  HCIONBb30BANOCH Uil MOBBIMICHHS
3 PEKTUBHOCTH MHTEHCHBHOCTH JABHXXKCHHUSI TPY30BBIX aBTOMOOWJIEW B paiioHe alsporopra. Ha ocHoBe
pactipenenenust [lyaccona paccunThiBanach MOTEHIMAIbHAS MHTEHCUBHOCTH TPAHCHOPTHBIX CPEICTB 3a
KOHKPETHBIA WMHTEpBall BPEMEHH C HCIOIb30BaHMEM OOIIEero KOJIMYECTBA TPY30BBIX aBTOMOOMIIEH,
00CITy)KUBAIOIIHNX a3POMOPTHL. Pe3ymbTaThl 3THX PacueToB 0TOOPaKAIOTCS TPAPUICCKH.

KaroueBrbie ciioBa: Tpy3, TPAHCIIOPTHOC CPEACTBO, A3POIIOPT, PACIPCACICHNEC, MHTCHCUBHOCTD, BPCMHI.
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Introduction

Cargo vehicle accidents in aerodromes
can result in significant damage to
infrastructure, equipment, and cargo. These
incidents can also result in harm to personnel
and passengers, as well as disruption to air
traffic operations. Some common causes of
cargo vehicle accidents in aerodromes include
driver error, equipment malfunction, and poor
maintenance practices. To mitigate the risks
associated with these incidents, aerodrome
operators and aviation regulatory authorities
have implemented a number of safety
measures. These measures include mandatory
training programs for cargo vehicle operators,
regular maintenance and inspection of cargo
handling equipment, and strict safety protocols
for cargo handling operations. Additionally,
some aerodromes have adopted advanced
technologies for reduce the risk of accidents.
Despite these efforts, cargo vehicle accidents
continue to occur in aerodromes. To further
reduce the risk of these incidents, it is
recommended that aerodrome operators
regularly review and update their safety
protocols, conduct regular risk assessments,
and invest in new technologies that can
improve cargo handling safety. In the event of
a cargo vehicle accident in an aerodrome, it is
important for the operator to respond quickly
and effectively to minimize the damage and
impact. This may involve conducting an
investigation to determine the cause of the
accident, implementing corrective actions to
prevent similar incidents from occurring in the
future, and communicating with stakeholders,
including the aviation authorities and
insurance providers, to ensure a timely and
effective resolution. Overall, the prevention of
cargo vehicle accidents in aerodromes is a
critical aspect of aviation safety and requires

the cooperation of all stakeholders, including
aerodrome operators, regulatory
authorities, and cargo handling companies.
Through the continued implementation of
effective safety measures and the prompt
resolution of incidents, the aviation industry
can help to ensure the safe and efficient
operation of aerodromes around the world.
There are following types of vehicles

aviation

used in airports [1]:
1. Buses for the delivery of crew and
passengers;

2. Auviation security vehicles;

3. Self-propelled snow cutter, water, catering
service, tanker vehicles;

4. Vehicles for transportation of baggage and
cargo to airplanes (from airplanes);

5. Public catering service vehicles.

One of the primary objectives in
coordinating the interaction between aircraft
and ground vehicles at airports is to ensure
their safety and prevent collisions [2]. Such
incidents between aircraft and ground vehicles
can cause significant financial losses due to
airport shut-downs, as was demonstrated by
Nevak airport in the United States where a
single hour of downtime costs a million US
dollars. The occurrence of collisions on airport
premises underscores the importance of this
issue. For instance, on January 7, 2021, an
A320 aircraft collided with  ground
transportation at Gdansk airport,
damage to the aircraft's engine, leading to a
prolonged repair process.

Ground vehicle

causing

accidents can be
classified into three levels: Level 1 — Fatal
accidents; Level 2 — Accidents resulting in
personal injury; Level 3 — Accidents resulting
in damage to the vehicle.

Accidents at airports involving air and

ground vehicles as classified by the
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International Civil Aviation Organization
(ICAO) and the International Air Transport
Association (IATA) fall into the following
categories: Ground Safety (GS), Operational
Damage (OD), and Runway Safety (RS) [3].

In 2015-2021, the accidents that
occurred due to the movement of ground
vehicles on the territory of the airport are
shown in the table 1.

The increase in the intensity of flights at
airports leads to an increase in the number of
vehicles for transporting luggage and cargo.

of view, the correct
distribution of traffic
intensity of cargo vehicles in the territory of
the airport has a direct impact on the reduction
of the number of accidents and on the regular
performance of operations [4].
In order to determine the intensity of
freight vehicles at airports, it is crucial to
determine  their
The direction of movement of

From this point
assessment of the

accurately movement
directions.
ground vehicles in the airport area is shown

below [5, 6].

Table 1 — Accidents that occurred due to the movement of ground vehicles

Aircraft type Ground vehicle Year Airport Vehicle damage
type
Airbus A320 Water transport 2021 Gdansk airport The plane and the tanker
vehicle (Poland) were damaged
Airbus A321 Fuel tanker 2020 Sheremetyevo airport | The plane and the tanker
(Moscow, Russia) were damaged
Airbus A320 Pushback tractor 2017 Dublin Airport The right engine of the
(Sweden) aircraft was damaged
Airbus A320 Aviation security 2017 Alicante airport The right engine of the
vehicles (Spain) aircraft was damaged.
Boeing 767 Pushback tractor 2017 Bangkok Airport The right engine of the
(Thailand) aircraft was damaged
Airbus A330 Catering service 2016 Hong Kong airport The left engine of the
vehicles (China) aircraft was damaged.
Airbus A320 Aviation security 2015 King Abdulaziz Int The right engine of the
vehicles ernational Airport aircraft was damaged
(Jeddah, Saudi Arabia)
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Figure 1 — Modelled fragment of the Aerodrome Ground Movement Chart (ICAO)
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Figure la demonstrates the location of
taxiways on which aircraft move between the
runway and ramp area (stands), with numbers
311 to 317 and 321 to 327. Figure 1b
illustrates the further path of movement of
ground vehicles within the confines of the
airfield.

On track sections 10 to 2 and 11 to 19,
only one-way traffic is allowed and on the
remaining sectors, two-way traffic is allowed.
At points 3t0 9, 12 to 18, 20, and 21, the path
of movement of ground vehicles intersects
with taxiways carrying moving aircraft.

Points 1, 2, 10, 11, 19, 22, 23, and 24
are three-way crossroads where ground
vehicles intersect. Both aircraft (AC) and
ground vehicles (GV) operate in the airport
area.

The direction of movement of ground
vehicles in the airport area 1is typically
controlled by designated roads and taxiways.
The vehicles move along these roads and
taxiways in a specific direction, following the
markings and signs that are in place to ensure
the safe and efficient movement of aircraft and
ground vehicles. In general, there are two
main types of roads in the airport area:
runways and taxiways.

Runways are used by aircraft for takeoff
and landing, while taxiways are used by
ground vehicles to move aircraft between the
runway and the ramp (the area where aircraft
are parked and serviced).

Ground vehicles, such as baggage carts,
fuel trucks, and ground support equipment, are
required to follow the signs and markings that
indicate the designated direction of movement
on taxiways and other roadways. These
markings include painted arrows and signs
with instructions for the vehicles.

11

Calculation of the intensity of movement of

freight vehicles
The following factors impact the
movement intensity of freight vehicles:

Quantity of loads in loading warehouses;
Quantity of loads on the aircraft; Distance tra-
veled by the vehicle; Vehicle velocity; Quan-
tity of aircraft; Timing of cargo unloading
from the aircraft. In order to quantify the
traffic intensity in the airport area, it is
necessary to determine the number of freight
vehicles that pass through point 11 or 10 in a
specified time interval (15 minutes, 30
minutes, 1 hour) as depicted in Fig. 2.

o]

7 ©
6 @
=i — O
T4 ©)
%3 — ©
2 -
1 ®——
0 L
8:52 9:00 9:07 9:14 9:21

PASSAGE TIME OF EACH VEHICLE

Figure 2 — Corresponding graphic

The quantity of vehicles passing the
reference point at different times is presented
in Table 2 and its corresponding graphic can
be found in Figure 2. For the effective and
efficient determination of movement intensity,
processing and analysis of information from
various sources in the time plane are of
practical importance. In this regard, the
characteristics of the acousto-optical effect can
be used [7].

Vehicle intensity in an aerodrome refers
to the level of ground vehicle traffic, such as
aircrafts, tugs, baggage carts, and fuel trucks,
that operate on the airport's taxiways,
runways, and aprons. It is often expressed in
terms of the number of ground movements,
such as takeoffs and landings, per unit of time,
such as aircraft movements per hour.
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Table 2 — The quantity of vehicles passing the
reference point

Vehicle

Passage time of
each vehicle
9:00
9:05
9:07
9:09
9:11
9:13
9:15

High vehicle intensity in an aerodrome
can lead to increased air traffic congestion and
safety concerns, while low vehicle intensity
suggests less utilization of the airport. Vehicle
intensity is an important factor that must be

NN [N B |W(IN =

considered in the planning and management of
airport operations, as well as in the design of
airport ground facilities and infrastructure. In
order to determine the traffic intensity, it is
necessary to tally the quantity of vehicles (or
pedestrians) traversing a specified location
over a well-defined period, such as an hour or
a day. The resulting traffic intensity is
expressed as the number of vehicles (or
pedestrians) per unit of time. For example, if
1000 vehicles pass through a specific point in
one hour, the traffic intensity is 1000 vehicles
per hour. Here's the general formula to

calculate traffic intensity:
number of vehicles

intensity (flow) = P

As demonstrated by the table, seven
vehicles traversed the reference point within a
15-minute interval. Subsequently, we proceed
to calculate the intensity of movement as

follows:

intensity! (1 )_7vehx60min_

intensity® (flow " 15min~ 1hr
= 28 veh/hr

1 Note: The accuracy of the traffic intensity calculation
will depend on the method used to count the number of
vehicles (or pedestrians) and the duration of the time interval.

12

If we represent the quantity of vehicles
as 'n' and the duration of movement as 't', we
obtain the following mathematical expression

for the traffic intensity:
n

q=r (1)

As we know, vehicle speed is defined as

Y = d/t and traffic density is defined as k =

n/d. Here, d-plane-destination distance, k
(density) is the density of motion. Then

q=kx9 (2)

The graph illustrating the dependence

between the intensity (flow) and density of

movement is shown in Figure 3.
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Figure 3 — Dependence between the intensity
(flow) and density

A traffic intensity-density graph is
graph that displays the relationship between
traffic intensity and traffic density. Traffic
intensity refers to the average number of
vehicles passing through a particular point on
a road network over a specific time period,
while traffic density refers to the number of
vehicles per unit of road length at a particular
point in time.

Typically, the x-axis
represents traffic density, and the y-axis
represents traffic intensity. As the traffic
density increases, the traffic intensity also

a

of the graph

increases, reaching a peak and then decreasing
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as the density becomes too high and traffic = P(n>4)=1-P(n<4)=1-0.7408-0.2223- 0.0333-
congestion occurs. The shape of the graph can ~ 0.0033-0.00025= 0.00005

vary, but it typically resembles a bell curve, We can plot the Poisson distribution
with the highest traffic intensity occurring ata  according to the calculation as follows (fig.4):
moderate density and declining at very high 2 T T \
and very low densities. 4 |
We use the Poisson distribution to 23 |
determine the intensity of freight vehicles in ‘§ 2 |
the airport area: . L - >y i
P(n) = XX 3) 0 |
0 0.05 0.1 0.15 0.2 0.25

P(n) — probability of having n vehicles arrive
in time t, t-duration of the time interval over

Poisson distribution

) ) Figure 4 — Poisson distribution
which vehicles are counted, y- average

vehicle intensity(flow) or arrival rate in Conclusion

As it can be seen, in modern times, the
improper control of the movement of vehicles

vehicles rate per unit time, ¢ — base of the
natural logarithm (e=2.718).

Example: 20 cargo vehicles serve the
airport area within 1 hour. Let's find the
probability of movement of 1,2,3,4 or more
cargo vehicles within 60 seconds after the
plane lands. Solution: y=20veh/h=0.005 veh/s.

t=60s; P(1)=0.2223; P(2)= 0.0333;

P(3)=10.0033; P(4)=0.00025.

For four or more vehicles

in the airport area causes accidents. It is
possible to prevent accidents by pre-
determining the distribution of traffic intensity
of freight vehicles.
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Abstract

To assess sedimentation, the gradient theory is applied to pressure, velocity, partial and specific
volume, mass, and molar concentration, as well as the determination of the sedimentation coefficient. The
diffusion of nanoparticles is characterized by the coefficient and its mobility in the liquid. Selection by
molecular weight of various materials of nanoparticles is made. The results of experimental studies on a
model band-shoe brake are presented, and the cooling efficiency is established.
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Xiilasa

Moagalods, ¢okiintiiniin qiymatlondirilmasi tigiin qradiyent nazariyyasinin tatbiqi ils tozyiq, siirat, gqismen va
xisusi hacm, kiitlo vo molyar konsentrasiya, hamginin ¢6kmo amsali tayin edilib. Nanohissaciklorin diffuziyasi onun
mayeds harakatliliyi vo omsali ilo xarakterizs olunur. Nanohissaciklorin miixtolif materiallarindan molekulyar ¢okiys
g0ra secimlor aparilmigdir. Lentli-kiindali ayloc modeli tizarinds eksperimental todgigatlarin naticslori taqdim olunub
Vo soyutmanin somaraliliyi miiayyan edilib.
Agar sozlar: lentli-kiindali aylac, siirtiinma ciitii, ayloc gasnaginin dondonasi, nanohissaciklor, maye, diffuziya-

¢okmo prosesi, molekulyar ¢aki.
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Introduction

Diffusion characterizes the movement of
nanoparticles together with liquid in the brake
pulley rim chamber.

Sedimentation characterizes the
movement of nanoparticles along with fluid in
the brake pulley rim chamber. Sedimentation
characterizes the movement of nanoparticles
in the direction of their settling to the bottom
of the chamber at a given time. In this case,
thermal and dynamic forces act on
nanoparticles in a liquid.

The analysis of literary sources and
the state of the problem are disclosed in the
first part of the article. The main questions of
the article: the processes occurring in the
brake pulley rim chamber; experimental
studies; the discussion of the results.

The purpose of the work is to
substantiate the performance of nanoparticles
in capillary structures and in liquid in rotating
brake systems.

Processes occurring in the brake pulley rim
chamber

If a nanofluid enters the inner surface of
the wall of the lower part of the rim of a
rotating pulley, which is subcooled to the
saturation temperature Ts, then along its length
it is possible to distinguish, then along its
length it is possible to distinguish the
following characteristic regions [1]. On fig. 1
shows an arrow — next to z, indicating that
the folded pulley rim must be viewed from the
pinched end of the pulley and towards the free
end. Region | (Fig. 1) is the region of single-
phase convective heat transfer, inside which,
in turn, it is possible to single out areas of
thermal and hydrodynamic stabilization.

16

Figure 1 — Modes of motion and change of
nanofluid and vapor parameters along the length of
the inner wall of the pulley rim

The calculation of the nanofluid flow
parameters in this area is carried out in
accordance with the recommendations of
known methods. At the end of region I, the
temperature of the inner wall of the pulley rim
reaches the value Ts, (which corresponds to
the enthalpy of nanofluids on the saturation
line i").

Region Il covers the section of the inner
surface of the pulley rim from the section,
where the wall temperature Tw reached Ts, up
to the section where the beginning of boiling
was fixed by one method or another, that is,
the actual nanovapor content in the flow
became different from zero. The wall
temperature at the end of region Il is equal to
the initial boiling point 7b. ». and wherein
Tw = Tb. b, and the mass-average enthalpy of
the flow | remains less than the enthalpy of
saturation i', that is, the nanofluid, on average,
as before, is undercooled to 7s. The flow
parameters in region Il can be calculated with
sufficient accuracy (as in region 1) using the
formulas for single-phase heat transfer.
Obviously, in regions | and II, the relative
enthalpy x» < 0.
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Region |11 is located between the section
of the beginning of boiling and the section
where the mass-average enthalpy of the flow
becomes equal to the enthalpy of saturation,
1.e. Xb 0. In region I, the flow is
substantially unbalanced: the relative flow
enthalpy x» remains negative, while the mass
nanovapor content x and the corresponding
real volumetric nanovapor content @=V""/Vmix,
where V" — nanopair volume; Vmix — the
volume of the nanovapor-liquid mixture is
different from zero and the presence of the
nanovapor phase in the flow is determined
experimentally. Inside this region, a section is
sometimes distinguished (section A - Fig. 1),
corresponding to the onset of intense
nanovapor formation, after which the intensity
of heat transfer noticeably increases, the
hydraulic resistance increases, and the wall
temperature either remains constant or even
decreases. The boundary of regions Il and IV
does not reflect any physical changes that
occur with the nanoflow.

Region IV begins in section x» = 0 and
ends with a section characterized by the fact
that the average temperature of the nanofluid
becomes equal to Ts, after which the flow
becomes almost thermally balanced. Inside the
area IV allocate section B, in which the near-
wall two-phase layers converge. In this case,
however, for the entire region IV, despite the
fact that the mass-average enthalpy becomes
greater than the enthalpy of saturation i' (xo >
0). The flow remains unbalanced: the
saturated nanovapor moves with the subcooled
liquid. In region 1V, the mode of motion of the
mixture is, as a rule, bubbly.

Areas V — VI are areas of balanced flow
of the mixture, starting from the section where
the average temperature of the nanofluid is
equal to Ts, and ends with a section where a
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new imbalance sets in: an overheated
nanovapor and nanofluid move in the flow at
saturation temperature. In this region, there is
a successive change in flow regimes - from
bubbly further to dispersed-annular. Values x
and xp in area V match up.

Region VI is the region of mixture
movement, where the flow is usually
unbalanced (nanofluid droplets in superheated
steam), and this unbalance can be significant -
large superheats of steam relative to 7s. At
very high values of the heat flux on the wall,
the so-called double imbalance is possible: an
undercooled nanofluid in an overheated steam.
Within area VI there can be a section B,
wherein xp = 1, although the actual value x<1
[2]. In practical cases, obviously, the set of
regions along the length of the wall is far from
necessarily complete, and the length of these
regions depends on the parameters of the
nanoflow and the heat flux density, which
depend on the deceleration mode.

The calculation of two-phase flow
parameters, especially in regions 11, 1V, VI, is
characterized by significant imbalance, is very
complex and is currently carried out according
to empirical or semi-empirical methods.

Experimental studies

The heat transfer coefficient in the
nanocapillary  structure system can be
increased by varying the particle size, i.e.,
their area of interaction with the liquid or by
its transformation into vapor. At the same
time, an increase in the particle size
contributes to a decrease in the heat transfer
coefficients.

In addition, during heat transfer in
systems with a nanocapillary structure, the
main influence is exerted by the volume
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concentration of nanoparticles in briquettes
and their thermal conductivity coefficient.

The liquid in the cooling chamber in a
rotating pulley comes into motion under the
action of centrifugal and gravitational forces,
as well as volumetric and surface forces [3-5].

The penultimate ones arise as a result of
the fluid density gradient. The latter arise as a
result of the liquid density gradient and are
caused by a local change in the surface tension
of the liquid, which is mainly associated with
the occurrence of an uneven distribution of the
bulk temperature or the concentration of
nanoparticles in the briquettes on the inner
surface of the pulley rim, which is, as a rule, a
consequence of a change in their
thermodynamic state in volume of liquid in
briquettes with nanoparticles.

Conductive-capillary convection
contains several new hydrodynamic effects
due to the concentration inhomogeneity of
nanoheat carriers near the surfaces of the
pulley rim and the cooling chamber. This
contributes to the appearance of bubbles and
drops near microroughnesses of their surfaces.

The structure of fluid movement in the
cavity of the cooling chamber depends on its
shape, as well as on the location of the heated
pulley rim in space. In this case, the surface
forces prevail over the bulk forces arising in
briquettes with nanoparticles. Such a condition
is characteristic of thin horizontal layers and
films of a liquid, near the surface of drops and
air bubbles in a liquid. Two main factors must
be taken into account. The first factor is that
the characteristic time of heat diffusion is
hundreds and even thousands of times shorter
than the time of existence of concentration
inhomogeneities. As a result, the latter exist in
liquids much longer than thermal ones, and
their duration and intensity of action of
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capillary forces at the phase boundary
increases many times. This contributes to the
intensification of heat removal from
nanoparticles in briquettes to the liquid
washing them. The second factor is the
adsorption of liquid on the surfaces of
nanoparticles in briquettes, which contributes
to the concentration-capillary drift of air
bubbles. The action of Marangoni forces on
the free surface of a liquid causes it to move in
the direction of increasing surface tension.
The surface drags the layers of fluid adjacent
to it. As a result, if the free surface belongs to
a bubble, then it begins to be displaced in the
direction opposite to the liquid flow in the
capillaries of the briquette nanoparticles. This
ability of air bubbles to spontaneously move
in a liquid in the direction of decreasing
surface tension causes their capillary drift.

In order to control the heat fluxes
generated on the working surfaces of friction
pairs of drawworks band-shoe brakes, it is
necessary to have reliable data on the thermal
conductivity coefficients that are in sintered
form, forming capillary structures that are
limited by a metal frame, i.e., they are a
briquette. In table 1, nanoparticles were
selected for the inner surface of the pulley rim.
In this case, the number of nanoparticles was
determined in the cross-sectional area of the
briquette. Based on the table 1 we write a
relation of the form

4 _A.
iZ_AZ’ (1)
4, _A.
13_A3’ (2)
4 _A.
/’LB_AS’ (3)
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Table 1 — Selection of nanoparticle materials for sector briquettes according to thermal conductivity

coefficients and their cross-sectional area

o> = Number of segment briquettes

= E~_0

gg|lg o | | I | i

3 % E T = Relations between thermal conductivity coefficients, A, W/(m-°C)
S8 ‘EE:O._. -1l -1 -1
22|38 ed Mlo=1,7 halha = 2,0 Mlks = 3,3
%_ S| EE E i Relations between the cross-sectional areas of briguettes, cm?

o 887~ AYA;=19 Ar/A3=2,1 AYA3=35...4,1

Table 2 — Experimental data on the energy load of the serial pulley rim (in the numerator) and with its

nanocapillary liquid cooling

Number of segment briquettes [ Il Il
- 0.75" 085 095
Specific loads, MPa O,—7 0.75 08
Forces: 3200 340,0 360,0
superficial 300,0 320,0 340,0
Temperatures, " " "
°C . 100,0 1100 120,0
voluminous —_— - -
20,0 85,0 90,0

“Note: the patterns of changes in the parameters of energy loading obey a linear law (from the pinched

edge of the rim to the free one, 111 - 1)

The discrepancy between the values in
relation (1) is 13.0%, in (2) only 5.0% and in
(3) 6.0%, and averages 8.0%. This indicates
that the materials for nanoparticles in
briquettes are chosen correctly. This is
evidenced by the ratios for nanoparticles from

powder for: aluminum (Al) - 0'0738;

Mean

(Cu) 5)985 kapbuma kpemuns (SiC) - 0,63

thermal conductivity coefficients, W/(m-°C)
[in the numerator there are nanoparticles in the
liquid, and in the denominator in the sector
briquettes washed by the liqui].

Experimental studies of friction pairs
"steel 35KhNL - FK-24A" of a model band-
shoe brake, the pulley rim of which was
equipped with a liquid chamber with a volume
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of 200 dm®). The weight of each type of
briquette was: 1 - 80 g; Il - 50 g; Il - 25 g. At
the same time, the weight of the sheet copper
frame was: | - 55,4 g; Il — 28,7 g; 11l - 13,4 g.
While the weight of the perforated frame was
twice as light. In table 2 shows the results of
experimental studies.

Theoretical and experi-mental studies of
non-uniform nanocapillary and nanofluid
coolin An analysis of uneven forced cooling
by local heat exchangers (sector briquettes) of
the brake pulley rim made it possible to
establish the following: increase in thermal
conductivity  coefficients A1, A2, s,
respectively, from 0,748; 0,8 and 0,63
W/(m-°C) up to 0,9; 0,95 and 0,7, W/(m-°C),
i.e. by 60,0%; a change in the parameters of
the nanofluid in sector briquettes was achieved
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at a heat flux density q = 2:102 ... 2:10* W/m?,
an average bulk temperature to = 85 °C of the
pulley rim at an average linear speed of 2,0 to
6,0 m/s of its rotation; - while the heat transfer
coefficient was 100...350 W/(m?-°C) from the
polished inner surface of the pulley rim, the
heat transfer coefficient was 75...300
W/(m?-°C) through the multilayer structure [6,
7]; comparison of operational parameters
during cooling of the pulley rim with liquid
and with the help of sector briquettes with
nanoparticles washed by liquid, made it
possible to stabilize the values of specific
loads in friction pairs, surface and volume
temperatures of the rim pulley, as well as by
reducing their fluctuations, the efficiency of
the system was 25%. The discussion of the
results. Theoretical and experimental studies
of non-uniform nanocapillary and nanofluid
cooling of friction pairs of a model tape-shoe
brake of a drawworks made it possible to state
the following: nanoparticles due to their
thermal conductivity change the mode of
motion and thermodynamic parameters of

nanofluid and vapor along the length of the
inner wall of the pulley rim; experimental
studies of the forced local cooling system
showed that in briquettes with nanoparticles
from various materials and capillary structures
realized in them, an increase in the thermal
conductivity coefficient by an average of 60%
was achieved; for a given brake loading mode,
fluctuations in specific loads across the width
of its rim amounted to 0,7-0,8 MPa,
approximately 35% less on average than in a
serial water-cooled rim.

Conclusion

Nanofluidic and nanocapillary forced
cooling will allow the friction pairs of a band-
shoe brake to operate in the temperature range
below that acceptable for friction lining
materials.
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Abstract

The examination of the stress state and strength of the silicate-enamel coating of the heat exchanger
tube are presented. Formulas are obtained for determining the longitudinal, radial and tangential stresses
arising in the sections of the pipe coating. The condition for the strength of the silicate-enamel coating of
the pipe under conditions of high temperatures and pressures is presented. The study of the stress state of
the silicate-enamel coating of the pipe makes it possible to determine the condition of the strength of the
coating of the heat-exchange pipe under the influence of high temperatures and pressures. Analysis of the
calculation results shows that the strength of the silicate-enamel coating mainly depends on the geometric
dimensions and physical and mechanical characteristics of the heat-exchange tube coating. The obtained
calculations make it possible to determine the condition for the destruction of the silicate-enamel coating
of the heat exchange tube of the apparatus.

Keywords: longitudinal, radial and tangential stresses of the coating, deformation, ultimate
strength, high temperature and pressure, destruction of the silicate-enamel coating, heat
exchanger.
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Istilik miibadilo aparatlarimn silisium-emal 6rtiiklii borularimin
mohkamliyi
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Xiilaso

Istilik miibadilo aparatlarinin  silisium-emal 6rtiiklii borularimin  gorginlik vo mohkemliyina
baxilmisdir. Magqalads istilik miibadlo aparatlarmin silisium-emal Ortiiklorinde yaranan radial, tangensial
va ox boyu istigamatlorinda gorginliklorin toyini liciin ifadslor toqdim edilmisdir. Eyni zamanda yaranan
deformasiyalari nazoro alaraq mohkomlik sortlori asasinda Silisium-emal Oriiyiin hesabati verilmigdir.

Aparilan todqgiqatlar istilik miibadilo aparatlarinin yiiksok temperatur vo tozyiq altinda islonmasi do nozoro

almmisdir. Aparilan hesablamalarin tohlili gdstarir ki, silisitum-omal 6riiklii borularin méhkomliyi asasen

borularin handssi 6l¢iilorindon vo onlarin fiziki mexaniki xassalorindon tam asilidir. Alinan hesablamalar
istilik miibadilo borularinin dagilma hoddinin toyin edilmasine zomin yaradir.

Acar sozlor: oOrliyiin radial, ox boyu vo tangensial gorginliklori, deformasiyalar, mohkomlik haddi,
yiiksok temperaturalar vo tozyiqler, istilik miibadilo aparatinin silisium-emal ortikli
borularmin dagilmasi.
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V]IK 621. 03.622.08
IIpo4HOCTHh CHIIMKATHO-3MAJIEBOI0 MOKPBLITHS TPYObI TEIJIO00OMEH-

HOI'0 ammaparta
2.H. Uoparumiin

Aszepbatioscanckull 20cy0apcmeeH blil yHugepcumem Hegmu u npomvludieHHocmu (np. Azaonvie, 16/21,
baxy, AZ1010, Azepbatioxcan)

s nepenuckn: Moparumos Hasum / e-mail: nazim.ibragimov.2015@mail.ru

AHHOTAIUA
[IpuBeneHs! uccieqoBaHUS HAMPSKEHHOTO COCTOSIHUS U MPOYHOCTU CHIIMKATHO-3MAJIEBOTO MOKPHI-
THS TPyOBI TeII00OMeHHOro ammapata. [lomydersl GopMyITsl I ONpeNeNeHUsT MPOIOIBHBIX, PaTuaTb-
HBIX W TAaHTCHIMAJbHBIX HAIPSDKCHUH, BO3HHMKAIOIIMX B CEUCHHUSAX MOKpPBITHS TpyOwl. [IpencraBieHo
YCIIOBHE TIPOYHOCTH CHIIMKATHO-IMAaJIEBOTO TOKPHITHS TPYOBI B YCIOBHUAX BBHICOKHX TEMIIEpaTyp W JaBie-
Huil. VccriemoBanue HAMPsHKEHHOTO COCTOSTHUS CHIIMKATHO-YMAJICBOTO MOKPHITUS TPYOBI MAET BO3MOXK-
HOCTB ONPECIUTh YCIOBHE MPOYHOCTU MOKPHITHS TEIUIOOOMEHHON TPYOBI MO ICHCTBHEM BBICOKHX TEM-
mepaTyp M JaBJICHWNA. AHAU3 PE3yIbTaTOB pacdéra MOKa3bIBACT, YTO MPOYHOCTH CHIITMKATHO-IMAJIEBOTO
MOKPBITHSI B OCHOBHOM 3aBHUCUT OT F€OMETPHUYCCKUX Pa3MEpPOB M (PU3UKO-MEXaHUYECCKUX XapPaKTCPUCTUK
MOKPBITHS TETTIOOOMEHHOU TpyOb!. [lomyueHHbIe pacuéThl O3BOJISAIOT OMPEACITUTh YCIOBHE Pa3pyIIeHUS
CHUJIMKATHOE-3MaJIEBOTO TIOKPHITHS TEIUIOOOMEHHOHN TpyOBI amnmapara.
KaroueBble ciioBa: MPOJIOJIbHEIC, PaTUalbHBIE W TAaHTCHIHUAJIBHBIC HAMPSIKEHUS TMOKPBITUA, Je-
dbopmanwsi, Ipeaes IPOYHOCTH, BRICOKAsI TeMITepaTypa U JIaBJIeHUE, pa3pyIiire-
HUS CHWJIMKATHO-3MaJICBOTO MOKPBITHUS, TETUNIOOOMEHHBIH ammapar.
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Beenenue

B ycrnoBusix neduiura npecHOl BOJBI B
peruonax Kacmnuiickoro mops (AsepOaiixkaH,
Typkmenucran, Kazaxcran, Poccus, [larecran
U T.J.) MOPCKasl BOJIa SIBJISIETCS OXJIAXK1aeMOM
cpenoit ans paboThl Kak HedTenepepadbaThl-
Batonux 3aBonoB (HII3), Tak u TemaoBbIX
anektpuyeckux cranimii (TIC). B Gonpmun-
CTBE CIIy4aeB B 3THUX PErMOHAaX OTJIOXKEHUS
HAaKUIM M MPOAYKTOB KOPpPO3UHM Haubojee
MHTEHCUBHO IMPOTEKAIOT CO CTOPOHBI BHYT-
pEHHEl MOBEPXHOCTH MAJIOr0 JAMaMeTpa H
MaJoH TOJIIMHBI TPYOHOIO MyYKa anmnapara,
JKCIUIYaTUPYEMOIO B IIMPOKOM JHaIa3oHe
TEMIIEPATYP, JABJIECHUS U CKOPOCTEN MOTOKA
TEIJIOHOCUTEJIEH, B PE3yJbTaTe€ 4ero yxyn-
ko3¢ punment
YMeHblIaeTCsA KUBOE CeYeHUue TpyOd U Tem

nraeTcst TEIUIONepeauH.
caMbIM CHHXaeTcd TerioBasg 3(p(eKTuB-
HOCTb. B 3THX YyCIOBHUSAX JIMTENBbHOM 3KC-
IUTyaTallid TOBEPXHOCTHBIX TEMJI000MEH-
HBIX alnapaToB YCTAaHOBJIEHO, YTO TEIUIOBas
3¢ pexkTUBHOCTH B OOMBIIEH Mepe 3aBUCHT OT
COJIEBBIX OTJIOKEHUN U MPOTYKTOB KOPPO3HH
B TPOIECCE CONMPUKOCHOBEHUS C Pa3TMYHBI-
MU TETUIOHOCUTENIAMH. B 3aBUCUMOCTH OT
YCIIOBHI TEXHOJIOTHYECKOTO IpoIecca Ter-
JT0OOOMEHHOTO afmapaTa B OCHOBHOM IIOJY-
YalTCS  pBIXJble IOPOIIKOOOpa3Hble U
HOPUCTHIE TBEPJIbIE YACTUILIBI.

HaubGonee »¢pdexTuBHbII M yHUBEp-
CalbHBIA MeTOoJ OOpbOBI C OTIIOKEHHEM
HAKWUIIM U KOppo3ueil TpyOd TErmIooOMEeHHOT0o
ammapara — HCIHOJb30BaHHE 3alIUTHBIX Me-
TaJUTMYECKHX,

JJAKOKPACOYHBIX, IOJHUMEP-

HBbIX, OMAJICBBIX HOKpBITI/Iﬁ HT.AO.

ITocTanoBKa 3aga4u

OO6cnenoBanusi, TPOBEICHHOE B TEXHO-
normdyecknx nexax HII3 m TOC, mokazanm,
4TO TPYOBl TETMIOOOMEHHOTrO ammapaTta pas-
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JMYHBIX JUAMETPOB, M3TOTOBJICHHBIC U3 CTa-
JIM, pa3pyIIAKTCs MO IeHCTBUEM KOPPO3UOH-
HO-MEXaHH4YeCKoro u3Hoca. Haubonee unreH-
CHUBHO 3TH TPOIIECCHI MPOTEKAIOT MO0 BHYTPEH-
HEH MOBEPXHOCTH TEINIOOOMEHHBIX TPYO TO-
JorpeBartelisi ¥ KOHJIEHCATOPOB B pe3yJIbTaTe
KOHTaKTa METAJUIMYECKOH MTOBEPXHOCTH C MH-
HEepaM30BaHHBIMH BOJIAMH B IIMPOKOM JiMa-
nazone temneparyp (300-400°C) u napieHuii
(20-40) MIla. B Hactosiiee BpeMs B TEILIO-
OOMEHHBIX ammapaTax Ui 3allUThl TEII000-
MEHHBIX TPYyO OT KOPPO3UU M MEXaHUYECKOTO
MOBPEXKJCHUS B BBICOKOMHHEPAIN30BAHHBIX
BOJAaX TNPUMEHSIOTCS CHIIMKaTHO-IMaJeBbIC
nokpeitus [ 1, 2].

B mepuox skcrutyatanuu TOKpPBITHS
TpyOBI
TEMIIEPATYpPbI, YTO MOXKET BbI3BaTh B MOKPHI-

noABECprar0TCda pPE3KUM Hcplrnagam

TUAX TCPMUUCCKHUEC HAIPAKCHHA, ITPCBLIIIA-
omue npeaci NpoYHoCTH MOKPBITHA, U IIPU-

BECTH K Pa3pyIICHUIO CIOCB MOKPHITHS TpPY-
OBbL.

Metoa ucciie0BaHus

[Ipy mMoOBBILIEHUH TeMIIEpaTypbl BBICO-
KOMUHEPAIN30BaHHOW BOJIbI JeopMaliuy 1o-
KPBITHUS U METajula TPyObl ONpeAeNnstoTcs ux
Kod¢duLMeHTaMH JIMHEHHOTO paciuupenus. B
3TOM CJIyya€ PaBHOBECHUE JIBYXCJIOWHBIX CH-
cTeM TpyOBbl HACTYIMaeT IOCJIe TOro, Kak B
MOKPBITUM M METaJIe CO3JalTCi TepMHUYeE-
CKH€ HaIPsDKEHUS Pa3HOTO 3HAKA.

CnenyeT OTMETWUTH, YTO NPU BBICOKOU
TEeMIepaType HarpeBaHusi JMOO OCTHIBAaHHU
MEXIy METAIUTMYECKON TpyOOH M CHIIMKATHO-
HMAaJIEBBIM MOKPHITHEM BO3HUKAET KOHTAKTHOE
JaBlicHUE, onpeensemoe mo popmye [3, 4]:

E18 (R3—R?) (RE-R)
2R2 R2-R2

Px=

, 1)
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rae Px — KOHTaKTHOE NaBJICHUE MEXIY IO-
KpBITUEM M MeTauIoM TpyObl; R;.R,.R3 —
COOTBETCTBEHHO BHYTPEHHHU, MOTPAHUYHBIN
U HApPYXXHBIH pajinyChl TMOKPBITHS U METajlia
TpyOBI, 0 — 3a30p MEXIAY METANIOM U MOKPHI-
THEM TPYOBI.
& BerumcisieTes mo popmyie [4, 5]:
d=U2—-Us

rae Ui, U2 — paguanbHble NepeMenieHus mno-
KPBITUS U METAJLIA.

_ 1-uy R} 1+u; R}
Ui =- —2—Pp - ——Po
E; Rs-Rf E1 R3;—Rj
_1-p; R} 1+u, Rj
UZ—_ 232PH+ ZZZPH (2)
E; R3-R7 E; R;—Rjy

rne Po, Pu — BHyTpeHHME U Hapy’KHBIE J1aBiie-
HUSl TIOKPBITUS W METAJUTMYECKOW TpPYOBHI,
E;,E, — Monynu ynpyroctu IOKpBITHS U Me-
Tajuia TpyOsl, [y U, — KodhduuuenTsr Iyac-
COHA TMOKPBITUS U METaJuIa TPYOHI.
PanunanbHble U TaHT'€HIIUAJIbHbIE
HANpPsSDKEHUS, BO3ZHUKAIOIIME B IMONEPEUHBIX
CEUYCHMSIX CHUJIMKATHO-3MaJeBOr0 MOKPBITHS

TpyOBI, onpeaestoTes mo Gopmyinam [4, 6]:

P«RE
R} —Rf

PcRE
R} —Rf

RZ
1-2) o=

or= W @

OneITEl MOKa3ady, YTO ATO HANPSKEHHOE
COCTOSIHUE 0 BEJIMYMHE WHOTAA NPEBOCXOJIUT
HaIpsDKEHUs JIONyCKAaeMOro 3HA4Y€HHUs pacTsi-
XKeHUs (CokaTusl) MOKPBITHS U HaOI0AI0TCs
TPELIMHbl, OTCIIauBaHUs U pa3pyLIEHUs Io-
BEPXHOCTH MOKPBITUS TPYOBI.

ITpu oxyaxaeHuM (HarpeBaHWu) B MOBEPX-
HOCTHBIX  CJOSIX ~ IOKPBITUH  BO3HHUKAIOT
IIPOJOJIbHBIE TEPMHUUECKHE OCTaTOYHbIE
HaIpsDKEHUs cKaTus (pacTskeHus). DT ocTa-
TOYHBIC HANpPSKEHUS ONPEAEISAIOTCS CIEAYyo-

M obpaszom [5, 6]:

Ibrahimli E.N.
0p=
R R
E(RZ_R?) fst a,Trdr — E;(Rs— R?) lez a,Trdr @
(1-p1)R3 (RS- RY)
[Toaromy IIPOYHOCTh CUJIMKATHO-
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IMAUPOBaHHbIX TpyO OyneT 3aBUCETh OT
OCTaTOYHBIX HAIPSDKEHUH, BO3HUKAIONIMX Ha
MOBEPXHOCTH  TMOKpHITUsA.  Kpome  ToroO,
HANpsDKEHWE 110 IPOJAOJIBHON IMOBEPXHOCTH
HOKPBITHH OTIpeNeNsieTcss Mo M3BECTHOM (op-

myie [6, 7]:

E.T .
:Bl 1 Bl
1-py

(5)

O-‘l’l‘l"

rae I — TeKyIUd paguyc MOKPHITHS TPYOBI,
B1 — xo3dduIMeHT TUHEHHOTO pacCHIMPEHHUs
nokpeltus Tpyosl; T — Temneparypa Harpesa
noKpeITUs TpyOs!; Bi — kpurepuiit BUO.

a6
Bi ==X
).1’

rae @y, A; — K03 GUIUEHTH TETUIOOTIAYH H

TEITIONPOBOJHOCTH MOKPBITUS TPYOBI.

CyMMapHble HampspKeHHs 10  TMpo-
JIOJIBHOW TTOBEPXHOCTHU CHJIMKATHOTO MOKPHI-
THS TPyOBl PAaCCUUTHIBAIOTCS CIIEAYIOIIHUM
o0pazom:

(6)

Pe3yabTaThl pacuera

JUis wiuiocTpany  MOJTy4YeHHBIX  (op-
myn (3), (4), (5), (6) npoBenén pacyér. Yum-
ThIBas HANpPSDKEHMsI, BO3HUKAIOUIME B paju-
QJIbHBIX, TPOJOJBHBIX W TAHI€HLUAIbHBIX
HaIpPaBJIEHUSAX CHWIMKATHO-3MAJIEBOTO MOKPBHI-
THUS TETUIOOOMEHHOH TpyOBl, MOXKHO IpeJCTa-
BUTh YCIIOBUE pa3pylICHUs MOKPBITUS IO

YHEPreTUIECKOM TEOPUH MPOUHOCTH [5, 7]:

Jo2 + o2 +0? — 0,0, — 0,0, — 0,0, <7
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Pacuer MPOYHOCTU CHUIIMKATHO-IMAJIC-
BOTO TOKPBITHS TEIJIOOOMEHHOWH TPYOBI BBI-
IIOJIHCH HpI/I CJ'Ie)_IyIOHII/IX }laHHBIXZ
T=300+400°C; p;=0,280; 1,=0,207;
E1=0,75x10°MTIla; E2=2,1x10°MIIa;
1=8,13x103c!; a2=13,6x103¢?

B tabnune npuBeseHbl pe3yabTaThl pac-
4y€TOB MOKPBITUS TPpyObl. [lomyueHHsle pacué-
Thl TO3BOJISIIOT ONPEJENIUTh YCIOBUE pas3py-
HICHUSI CUJIMKATHO-3MaJIeBOr0 MOKPBITUS TeIl-
JI000OMEHHOM TpyOBI armapara.

Ta6auua — [TapameTpsl U pacu€THbBIC 3HAUEHUS ITpeesia IPOYHOCTH MOKPBITUH TPYO
Table — Parameters and calculated values of the ultimate strength of pipe coatings

Pa3smepsl TonmuHel TemnepaTtypHble HamnpskeHHs NOKpeITus, | Octatounsle | Ilpenen

Tpy0, MIOKPBITHS, Mna HaIpsDKEHUS. | IPOYHOCTHU

MM MM On o Ot 60, Mma MOKPBITHSA
[0, ], MITa

0 19x1,5 0,1+0,2 28,5 35,4 16,2 21,4 46,2

D 25%2,5 0,2+2,5 32,4 40,2 18,5 24,6 58,4

0 32x4,0 0,304 38,5 46,3 20,4 26,2 61,2

0 27%3,5 0,4+0,5 40,2 51,2 22,5 30,5 70,3

0 57%3,5 0,5+0,8 42,3 56,5 28,4 32,4 751

3akiouenune IIOKPBITUSA B OCHOBHOM 3aBHUCHUT OT I'€OMETPU-

HccnenoBanue HanpsHyKEHHOIO COCTOS-
HUSl CHUJIMKATHO-SMAJIEBOTO IMOKPBITUS TPYOBI
JAET BO3MOXKHOCTh ONPEJCIIUTD MPeesT Npoy-
HOCTHU TMOKPBITUSI TEIIOOOMEHHOU TpYyOBI 1M0A
ee JIECTBUEM B YCIIOBUSAX BBICOKHMX TeMIlepa-
Typ ¥ JaBJICHUI.

AHanu3 pe3yibTaToB pacuéra IMOKa3bl-
BaeT, YTO IPOYHOCTh CHJIMKATHO-3MAaJIEBOTO

YEeCKHX pa3MepoB M (U3NKO-MEXaHUYECKHX
XapaKTEpUCTUK NOKPBITHS TPYO.

KongumkT uaTepecon

ABTOpBI  3afBISIOT 00 OTCYTCTBHHU

KOH(i)J'H/IKTa CBA3aHHBIX C

myOIMKaIuen JaHHOM CTaThH.
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Abstract

As it is known, during the drilling and operation of oil fields, an additional zone arises where heavy
fractions can accumulate. These fractions can be drilling fluid or heavy components such as paraffin, asp-
haltene, resin, which partially clog the porous medium. All this worsens the permeability of the buttonhole
zone. Reducing the permeability of the buttonhole zone partially reduces the productivity of the well. The
analysis performed shows that the advance clarification of this zone makes it possible to regulate the pro-
posed method and carry out additional work on the face or buttonhole zone of the post in time.

Keywords: skin factor, skin zone, conductivity, relative phase conductivity, pressure, volumetric ext-
raction, dynamic viscosity, buttonhole, buttonhole zone.
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Istismar quyusunun hasilatina skin-faktorunun géstardiyi tasir
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Xiilasa

Molum oldugu kimi, neft yataglarinin qazilmasi vo istismar: zamani agir fraksiyalarin yigilmasinin
miimkiin oldugu slavs zona yaranir. Bu fraksiyalar gazma mayesi vo ya mosamali miihiti gismon baglayan
parafin, asfalten, gatran kimi agir komponentlor ola bilor. Biitiin bunlar quyudibi zonasinin kegiriciliyini
pislasdirir. Quyudibi zonanin kegiriciliyinin azaldilmas: quyunun mshsuldarligini gisman azaldir. Aparilan
tohlillar gostarir ki, bu zonanin gabagcadan dogiglosdirilmasi toklif olunan tisulu tanzimlomoayas va quyudi-
bi zonada slavs islorin vaxtinda aparilmasina imkan verir.

Acar sozlar: skin-faktor, skin-zona, kegiricilik, nisbi faza kegiriciliyi, tozyig, hacmi hasilat, dinamiki
ozlilik, quyudibi zona
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AHHOTAIUA

[Ipu Oypenun u SKcIuTyaTanuy HEPTIHBIX MECTOPOKACHUN BO3HUKAET JIOTIOTHATENbHAS 30Ha, T/1e
BO3MOXKHO HAKOIUICHHE TSDKENBIX (Qpakiuuid. ITUMU (pakUusMH MOTYT OBITH OYypOBOH pacTBOp WX
TsDKEJIble KOMITOHEHTHI, Takue Kak napaduH, acanbreH, cMoiia, KOTOPBIE YaCTHYHO 3a0MBAIOT MOPHCTYIO
cpeny. Bce 31O yxXynmaer mNpoHMIAEMOCTb MpPHU3a00HHON 30HBL. YMEHBIIEHHE MPOHULAEMOCTH
mpu3a00HON 30HBI YAaCTHYHO YMEHBIIAE€T TNPOWU3BOJUTENHHOCTh CKBaXWHBL lIpoBemeHHBIM aHammM3
MIOKAa3bIBAECT, 4YTO IIPEABAPUTEIBHOEC YTOUHEHUE JAHHOW 30HBI JAae€T BO3MOXHOCTb PETYJIMPOBATH
NPEIJIOKEHHBI METOJ] U BOBPEMsI IIPOBOAUTH AOIOJIHUTENbHBIE PadOTHl Ha 3a00€ Win B Npu3aboiiHOM
30HE IIACTA.

KimoueBble ciioBa: CKI/IH-(baKTop, CKHH-30Ha, OpoOBOAUMOCTD, OTHOCHUTC/IbHasA (bﬂSOBaH

MPOBOJIMMOCTh, JaBJICHHE, OObEMHAsl SKCTPAaKIHs, IMHAMHYECKAs BSI3KOCTb,
3a00#, mpr3abONHHEIA 30HEI.
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Giris

Laylarin agilmasi, gazma prosesinin axi-
rinct Va an ¢atin marhalasidir. Belo ki, gazma
zaman1 quyuda hidrostatik tozyigin artmasi
naticasinds lay tozyiqi ilo qarsiligli miinasibat
doyisir, yani quyuda tozyigin artmas: gazma
mohlulunun laya ke¢mosi ilo qurtarir. Bunun
naticasinds laya daxil olan gilli mahlul laymn
mosamaliyini azaldir. Bu 6z névbasinds kegi-
riciliyin azalmasina va son natica kimi moh-
suldarligin azalmasina sabab olur. Bundan ola-
Vo layda tozyiqg vo temperaturun azalmasi nati-
casinds quyu otrafi zonada agir fraksiyalarin
¢okmoasi miisahido olunur. Bu komponentlor
yani parafin, asfalten vo gotran bu zonada ¢6-
kiir vo bu da quyu otrafi zonada masamaliyin
azalmasina sabob olur. Bu da 6z noévbasinda
mohsuldarligin azalmasina va son natica Kimi
hasilata monfi tasir edir [1-5].

Layin agilmasinda isladilon yuma maye-
sina olan toloblordon basqga, verilmis layimn to-
bii kegiriciliyinin ¢oxalmasi tigiin goriilon ola-
Vo todbirlor do bdyiikk shamiyyati olan osas
mosalalordan biridir.

Isin magsadi

Indiki zamanda miixtolif xassoli gilli
mohlullardan istifads olunur. Bazi hallarda yu-
yucu maye kimi sudan da istifadoe olunur.
Praktika gostorir ki, quyuda istifado olunan
maye laya daxil oldugda quyunun moanimno-
silmasi xeyli ¢otinlosir vo belo quyularin mo-
nimnasilmasi ilo mohsuldalig: da azalir. Bunu
yaradan soboblor asagidakilardir:

a) Quyu gazma zamanu istifado edilon is-
tismar layinin togkil olundugu kvars qumlarini
yaxsi isladir. Onda su-neft sarhaddinds yara-
nan kapilyar tozyig naticasinds, maye quyudi-
bi atrafindan ¢ox uzaq mosafays sixigdirilir.
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b) Quyu mohlulunun tasiri naticasinda
laya daxilindaki gilli hissaciklor sixigdirilir.
Bu da layin kegiriciliyini azaldir.

c) Quyu otrafi zonanin su ilo dolmasi
artdigca layin nefto goro faza kegiriciliyi aza-
lnr.

d) Laya daxil olan gilli mohlul ¢coxaldig-
ca o gillagir. Bu iso quyu otrafi zonanin kegiri-
ciliyinin azalmasina sabab olur.

Demoali, yuxarida gostorilon sobablora
gora quyu otrafinda yeni bir zona yaranir. Bu
deyilan sobablar laydan galon axinin azalmasi-
na sobab olur. Deyilonlara asasan mohsuldar
lay1 iki grupa bolmok olar:

1) Lay daxili tozyiqi yiiksok olan mah-
suldar yataq;

2) Lay daxili tozyiqi kicik olan mahsul-
dar yataq.

Lay tozyiqi yiiksok olan mohsuldar lay-
lar1 istismar edarkon istifade olunan maye no-
ticasindo fontan vurmanin garsist alinmalidir.
Ona gors do quyu otrafi zonanin girklonmasi-
nin qarsisini almaq tigiin gilli mohlulun sixlig
(2000-2300) kg/m3 barabar olmalidir. Bunun
ticiin gilli mohlula hematit, barium agirlagdiri-
cilar1 alava edilir.

Lay tozyiqi yiiksok olmayan az mohsul-
darli laylardan istifads etdikds iss tobii kegiri-
ciliyi saxlamaq tigtin miixtolif tisullardan isti-
fads olunur:

1. Bunun tgiin kolloid mohlullarindan
istifado olunur. Mohlulun kolloidlarini artir-
maq {igiin bentonit maddoalorindon, masalon
xususi gillordon (gilabi, akvagel) istifads olu-
nur,;

2. Moahlula neft olavo etmoklo, mahsul-
dar lay a¢ilir. Bundan basga lay ¢ox udduqgda
mohlulun udma gabiliyyati doyisir;

3. Qazma mohlulu sothi gorilmasi az
olan galavi lay sularinda istifads olunmalidir.
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4. Qazma mohlulu va yuma mohlulu ki-
mi sothi aktiv maddslordan (sulfanol, azolyat
Vo s.) istifads olunmalidir.

5. Quyu dibinds ¢okmiis agir maddalori
aritmok ti¢iin tursu torkibli maddoa-lordan isti-
fado olunmalidir.

Isin yerina yetrilmasi

Bildiyimiz kimi, quyular hidrodinamik
sementlonmis vo natamam quyulara ayrilirlar.
Odobiyyatdan bildiyimiz kimi, hidrodinamik
tamamlanmis quyu dedikds laym biitiin galin-
liginda agildig1 vo lay garsisinda heg bir stiz-
gac olmayan quyu nazards tutulur. Qeyd et-
mok olar ki, quyular ya moahsuldar layin tam
acilmamasi, ya da lay qarsisinda miixtolif filtr-
lorin olmast naticasindo hidrodinamik nata-
mamliq yaradir. Belo quyulara layin agilma
daracasine goéra hidrodinamik natamam quyu-
lar deyirlor. ©gor istismar quyusu ilo lay filtri
vo perforasiya doliklori arasinda olags varsa,
onda belo quyulara laymn agilma xarakterino
gora hidrodinamiki natamam quyular deyilir.

Istismar quyusu eyni zamanda hom layin
acilma daracasine, hom do agilma xarakterino
gora natamam olurlar.

Qeyd etmoak olar ki, eyni sortlor daxilin-
do tamamlanmamis quyunun hasilati natamam
quyunun haslatindan ¢ox olur, ¢iinki natamam
quyuda lay enerjisinin bir hissasi, desiklords
maye siirotinin artmasi vo istigamatinin doyis-
moasi naticasinds yaranan slavs siirtinms mii-
gavimatinin dof olunmasina sabab olur.

Miiayyan zaman daxilinds ¢ixarilan ma-
yenin migdari istismar quyusunun hasilat: (de-
biti) adlanir.

Bildiyimiz kimi, neft ¢ox kigik siiratlo
horokat edir. Ona gora do quyunun hasilatin
hesablayarkon, harokot Xatti siiziilma ganunu-
na gors toyin olunur. Qabul edok ki, biitiin sa-
hoda galinlig1 eyni olan bircins laydan quyuya

29

Xatti siiziilmo ganunu iizra bircins sixilmayan
maye, neft vo ya lay suyu harokat edir [6, 7].
Mayenin sothi tigin Darsi diisturu belo ifados
edilir :

2mth | dp

u dr (1)
Burada, Q - sixilmayan mayenin sarfidir, r-

Q=

ixtiyari radiusdur, h- laym qalinligi, kK - bir-
cins layin kegiriciliyidir, x - mayenin (neftin,

d
d_I: - toz-

lay suyunun) dinamiki 6zliliytdiir,
yiq gradiyentidir.
Tonliyi asagidaki kimi ifads edok:
ldr 2
- = ﬂdp (2)
kr 1Q
Indi hesabata yeni bir zonanm paramet-
rini alava edok. Bu zonaya xarici adobiyyatda
Skin-zona deyirlor. Bu zonanin kegiriciliyi la-
yin kegiriciliyindan forglonir. Bu zonanin sar-
hoddinds tozyiq do lay tozyigindon farglanir.
Bu zonanin radiusunu nozars alsaq, onda ala-

11q:

%1 dr Edr  27h'E
for el

Burada, R, - getirilmis radiusdur, k- skin-zo-
nanin kegiriciliyidir, R, - skin-zonanimn radius-
dur, P, - quyudibi tazyiqdir, P, - quyu kontu-

runda tozyiqdir.

Inteqgrali agdiqda:

1, R, 1, R 27h

T -S4+ Ih-*="(R, —-P
CRCKMR T QR @

Tonlikds asagidaki sokilds ifads edok:
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R | 2
=== (R-F) (5
s q Rs :| ,UQ

Indi tonliya olavo olaraq yeni parametr
alavs edok vo ¢ixaq:

11 k R Ry s s
IS+ —=In S+In 5 |=
ki ks R, R, R, ] (g)
27h
:E(Pk_Pq)
Onda qruplasdlrma olaraq:
1 R,
= In In—+ln—k
k{[ R’ K, 1) + R, Rs)]}
- ()
Zi(PkﬁPq)

Indi hesabata yeni bir parametr — Skin-
faktoru parametrini daxil edok:

(7 1) (8)

R/

Skin-faktor — 6l¢iistiz parametrdir.

Demali, biz quyu otrafi zonada yaranan
alava zonani nazoars aldiq [8].

Bildiyimiz kimi, quyular ssason nata-
mam olur. Natamam quyularda filtrin, perfora-
siya desiklorinin olmasi slave miigavimot ya-
radir. Belo quyularda bu olave siizgoacin vo
perforasiya desiklorinin olmasi slave miigavi-
motin yaranmasina sobob olur. Demali, basga
sortlor daxilindo natamam quyularin hasilati,
tamamlanmis quyunun hasilatindan az olur.
Ona gora sonuncu diisturda olava bir gostarici
daxil edilir:

R
HoS+in &
R
q
Istismar quyusunun natamamligim - na-
tamam quyunun, hasilati onun hasilatina bora-
bor olan fiktiv tamamlanmis quyu ilo avoz et-
mokla da nazars almagq olar.

Q=

(9)

30

Belo fiktiv tamamlanmis quyunun radiu-
su natamam quyunun radiusundan gox kig¢ik
olur, ona gatirilmis radius deyirlor. Onda hasi-
lat bels ifads olunur.

27hk
Q =

H o Caln—*

—C
Re

Burada: R,- hoqigi radiusdur, C — hidrodina-
miki natamamlig1 ifado edon amsaldir.
Bozi hallarda sonuncu tonliyi asagidaki
kimi ifado etmok olar:
q

27hk
Q= R

H Cctinx4c
Rq

PP, (10)

Pk'P

(11)

C =C, +C, kimi ifado etmok olar. Bu-
rada, C,-
yin agilma daracasine géra quyunun natamam-
lig1 naticasindo olave miiqavimatlori nazars
alan omsaldir. Bu amsallar1 riyazi holl etmok
¢otin oldugu tigiin V.S. Surov onlar elektrolit
modelinds toyin edorok, miioyyoan hesablama
disturlarini verib.

C, omsali siizgocin uzunlugundan vo

layin agilma xarakterini, C, - isa la-

desiklorin sayindan asilidir;

n=—
h

burada, N - perforasiya desiklorinin timumi
sayidir, h, - mahsuldar layin agilmis galinhigi-
dir; nD- parametrindon (D — istismar quyu-
nun balta iizro diametridir). « =g - paramet-

rindon (d - perforasiya desiklorinin diametrin-
dan); e=[|); (I - perforasiya qiillosinin laya

daxil olma uzunlugudur).

C, omsalin1 toyin etmok iiclin avvalca
layin desiklorinin agilmig galinliginin onun
imumi galinligina olan nisbatindan va layin
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acilmis gqalinliginin quyunun diametrino olan  azalmis zona yaranir. Bu zonaya iss skin-zona

nisbatindon asilidur. deyilir.
Sonuncu tanlikdan asagidaki yeni bir pa- Skin-zonada yaranan olave miigavimot
rametri alag. quyunun hasilatina tasir edir.
>s=s+cC (12) Istismar zaman1 quyu gdvdasinds miix-

tolif agir komponentlorin ¢okmasi bas verir.
Onlar da quyu govdessinds slave miigavimat
yaradir.

Bu miigavimatlorin comi iimumilosdiril-
mis skin-faktor yaradir. Bu parametr iss hidro-
dinamik todgiqatlar naticesinds toyin olunur.

Burada, XS - timumilosdirilmis Skin-faktoru
adlanur.

Sonuncu tanlikdon hor bir parametrik
quyularin hidrodinamik todgigatini aparmagla
Skin-faktorunu tayin etmak olar.

Maraglar miinaqisasi
Mislliflor bu mogalods arasdiriimasi to-
Iab olunan maraglar miinaqigesinin olmadigini

Natica
Istismar quyular1 gazma zaman1 mohsul-
dar laya daxil olan gazma mohlulu naticasinds

olavo miigavimot yaradir. Bunun naticasinds qeyd edirlar.
quyu otrafi zonada yeni bir zona, kegiriciliyi
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Abstract

The paper explores the aspects negatively affecting the pipeline transportation of heavy oil
and reviews the implementation possibility of cavitation processes as an alternative method of
solving occurring problems. Based on the laboratory research of abnormal oil from Azerbaijan
fields, the parameters and technical upgrade of heavy oil in the system of hydrodynamic
cavitation have been studied. Moreover, as a result of carried out experiment, the operation
mechanism of cavitation process during reduction of heavy oil viscosity is described and the
implementation prospect of this technology in commercial scales is analyzed as well.
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Noql zamam kavitasiya texnologiyalarindan istifads perspektivlori
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Xiilasa

Magqalads agir neftlorin boru komaorlari ilo naqli zaman1 manfi tasir gdstoran amillor aragdirilmis vo
yaranan problemlorin hollindo alternativ bir metod olaraq kavitasiya proseslorindon istifado edilmosi
nazordon kecirilmisdir. Azorbaycan yataqlarindan hasil edilon yuksok oOzliiliiklii neftlorin laboratoriya
todgiqatlar1 osasinda, hidrodinamik kavitasiya sistemindo agir neftin modernlosdirilmosinin sortlori,
parametrlori vo naticalori dyrenilmisdir. Bundan slava, tocriibslor naticasinde kavitasiya prosesi zamani
agir neftlorin Ozliililyliniin  doyigsmoesi mexanizmi izah edilmis vo bu texnologiyanin kommersiya
miqyasinda istifadesinin miimkiinliiyi tohlil olunmusdur.

Acar sozlor:  agir neft, kavitasiya, 6zliiliik, boru kemari, emulsiya, mikrokreking.
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AHHOTAIUA
B crarpe wmccnemoBaHbl (DaKTOPHI, OKa3BIBAIOIIME HETATUBHOE BIUSHHUE TIPH TPAHCIIOPTHPOBKE

TSOKENOM HedTH 1o TpyOONMpoBOAaM, M PACCMOTPEHO HCIIOIb30BAHME MPOLECCOB KaBUTALUU Kak
aIBTEPHATUBHOTO MeToJa pelieHus: npobiaeM. Ha ocHOBe 1a0OpaTOpHBIX HCCIIENOBAHUI BBICOKOBSI3KHX
HedTel, 100bIBaeMbIX Ha MECTOPOXKICHUIX A3epOaiikaHa, U3yUeHbl YCIOBHS, ApaMETPhl U Pe3ybTaThl
MOZAEPHU3ALUH TSHKETIOW He(YTH B THAPOAMHAMUYECKON CUCTeME KaBUTalUWHU. B pe3ynbraTe mpoBeAeHHBIX
9KCIIEPUMEHTOB OOBSICHEH MEXAaHU3M HM3MEHEHHUS BS3KOCTH TKENbIX He(Ted B Ipouecce KaBUTallMU H
MpOaHaIM3UPOBaHa BO3MOKHOCTh HCIIOIB30BaHMS JAHHON TEXHOJIOTHU B MIPOMBIIIJICHHBIX MaciiTabax.

Kiiouesble cioBa: TsDKeTas HeTh, KaBUTAIMsI, BA3KOCTb, TPYOOIPOBO/, IMYIILCHSI, MUKPOTPEIIHHA.
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Introduction

In the last two decades, the global oil
industry has undergone significant changes
that have created a new production and
commercial situation. All these processes
deeply affect the production, consumption and
trade of oil, which, despite serious efforts to
increase the share of alternative energy
sources, remains the main energy resource and
continues to have a significant impact on the
development of the global economy [1].

Oil, in turn, is basically a mixture of
hydrocarbons, which can be conditionally
divided into light and heavy, taking into
account its viscosity and density. The
viscosity of ordinary light oil varies in the
range of 0.001-0.01 Pa4, and the viscosity of
heavy oil is higher than 0.02 Pa [2]. For
comparison, it can be noted that the viscosity
of water is 0.001 Pa.

Crude oil with API density of 22.5 is
classified as heavy [3], with API or less
belongs to the group of superheavy oils that
are heavier than water. On the contrary, the
density of tobacco light oil (Brend&WTI)
varies between 38° and 40°API.

It should be noted that the extraction,
transportation and processing of heavy oil in
comparison with light is a more labor-
intensive  process, since the traditional
technologies that exist today were designed
mainly for the production of light oil. But
despite this, the growing demand for oil and
the gradual depletion of deposits of traditional
light oil due to long-term operation increases
the demand for heavy oil production. The
world's heavy oil reserves are mainly
accounted for by countries such as Canada, the
USA and Venezuela. According to the latest
statistics, there is more heavy oil in Venezuela
than in the Middle East. Currently, there is
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enough in Canada to meet its current demand
for over 200 years [4].

The composition of heavy oil includes a
low concentration of low molecular weight
compounds and light fractions against the
background of a high volume of asphaltenes,
resins and paraffins [5]. There is also a claim
that the viscosity of heavy oil varies
depending on the volume fraction, chemical
structure and physico-chemical properties of
asphaltenes. In turn, it is known that oil grades
containing significant amounts of asphaltenes
and naphthenic acids are prone to the
formation of stable oil-water emulsions, which
are difficult to separate (water and oil)
dispersed systems [6].

In addition, heavy oil also contains large
amounts of sulfur, nitrogen, salts and heavy
metals such as nickel and vanadium [7].

As it was noted, operations related to
heavy oil, in one form or another, face
technological and financial problems. One of
the main roots of the problem is the high
viscosity of heavy oil, which leads to
complications at all stages of production. For
example, a decrease in the return of oil by the
reservoir due to its very low mobility at low
temperature.

At the next stage of production, high
viscosity negatively affects surface operations,
namely complicates the processes of
dehydration and desalination of oil.

On the other hand, the transportation of
heavy oil, especially through pipelines, is also
difficult, since the high viscosity of oil
increases the cost of overcoming large friction
pressure losses. Given the aforementioned
difficulties associated with heavy oil, the
development of new  resource-saving
technologies for its extraction, transportation
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and processing
urgent.

The solutions currently available are
based on the use of various technological
methods, such as heat treatment, addition of
chemical additives, mixing with light
hydrocarbons, electrostatic devices and other
alternative technologies. All these
technologies have a common goal: to reduce
the viscosity of heavy crude oil and improve
its quality [8].

IS becoming increasingly

Setting the issue

The purpose of this article is to show the
possibility of using cavitation processes as an
alternative method for solving problems
associated with the transportation of heavy oil.
Although the application of the cavitation
phenomenon in various operations with oil has
long been studied by scientists, nevertheless, it
is too early to talk about the introduction on an
industrial scale due to a lack of knowledge,
experience and evidence. As it was noted
earlier, asphaltenes, resins and paraffins
contained in high concentrations in the
composition of heavy oil and increasing its
freezing point are an integral part of high-
viscosity oil. Asphaltenes are polycyclic
aromatic highly condensed heavy molecules
that are considered as resin compaction
products [9]. The molecules of paraffin and
resins form some kind of randomly arranged
long lattices in the composition of oil, which
is why the viscosity does not obey the laws of
Stokes, Newton and Poiseuille. Therefore, the
system provides significant resistance to shear
forces. In addition, the combination of
asphaltenes, resins and paraffins in the
composition of oil contributes to the creation
of conditions for the formation of aggregates
of paraffin crystals and their adhesion to the
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surface, thereby forming asphalt-resin-paraffin
deposits (ASPs) in pipes.

Solution methods

Recent studies show the possibility of
improving the above rheological and
qualitative properties of oil using cavitation
technologies. Cavitation is defined as the
generation of subsequent growth and
destruction of bubbles / cavities of steam or
gas in a liquid with a local decrease in
pressure to the pressure of saturated vapors of
a liquid: as a result of an increase in velocity
(hydrodynamic) or the passage of an acoustic
wave (acoustic). This is due to the fact that the
negative pressure created is higher than the
local strength limit of the liquid, since the
formation of cavities requires overcoming the
forces of adhesion of the liquid. The coupling
forces, in turn, vary from fluid to fluid, taking
into account the type, composition and
frequency.

The more liquid is contaminated with
fine particles, the easier it is to initiate
cavitation at moderate negative pressures. The
collapse of cavitation bubbles is accompanied
by bursts of pressure (up to several hundred
Mpa) and temperature (several thousand
degrees Kelvin), while similar environmental
conditions remain unchanged.

The destruction of bubbles occurs at a
high rate, which leads to the emergence of
millions of foci of high temperature and
pressure, in other words, extreme physical and
chemical conditions are created. Thus,
cavitation can be used to carry out various
reactions that require harsh conditions at
minimal cost to change the environment.
There are several methods of cavitation
regeneration, but mainly hydrodynamic and
acoustic are wused in the oil industry.



Azarbaycan Miihandislik Akademiyasinin Xoboarlori
2023, cild 15, Mo 4, s. 32-39
Qurbanov O.N., Sardarova 1Z.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 4, pp. 32-39
Gurbanov A.N., Sardarova |.Z.

Hydrodynamic cavitation is generated when
pressure changes due to areas of variable
velocity created using the geometry of the
system. Examples of such geometry can be
constrictions in cranes, throttle valves, valves,
diaphragms, valves, pumps, hydraulic
turbines, Venturi tubes, etc. Acoustic
cavitation is created by changing the pressure
in the liquid using sound waves, usually
ultrasonic ~ (16kHz-100MHz).  Chemical
changes associated with cavitation caused by
the passage of sound waves are usually called
sonochemistry. Ultrasonic cavitation can be
used to destroy oil-water emulsions during
pipeline transportation of oil. Oil-water
emulsions are mainly formed as a result of
long-term  exploitation of deposits and
flooding of reservoirs, as well as with artificial
impact on the well-developed zone to increase
production. As is known, the composition of
oil includes natural emulsifiers, such as
colloidal  resin  solutions,  asphaltenes,
paraffins, which contribute to the formation of

stable oil-water emulsions. Modern methods
of oil dewatering include settling in special
settling tanks, the use of electric fields, the
addition of various chemical reagents, the use
of coalescing filters. In the case of heavy oil,
which is rich in the content of the above
emulsifiers, the separation of water from oil
by traditional methods is difficult.

The experiments were carried out on a
cavitation impact device, the basis for the
creation of which was a high velocity at which
the pressure dropped to the value of the
saturated vapor pressure, which led to the
formation and collapse of cavitation cavities.
As a result of exposure to high-energy pulses
(high temperature and pressure) of cavitation
bubbles, large molecules of heavy oil turn into
light hydrocarbon molecules, which leads to a
decrease in viscosity after the cavitation zone.
The decrease in the kinematic viscosity of
Azerbaijani oil when passing through the
cavitation zone is shown in Table 1.

Table 1 — Reduction of kinematic energy when passing through the cavitation zone of Azerbaijani oil

Indicators Experimental results
Viscosity up to the cavitation zone at 20°C, mm?/s 146|128 12,3 |12,8 (13,7 | 13,9
Viscosity after the cavitation zone at 20°C, mm?/s 1281120(11,0|11,5|11,3|12,3
lodine number before cavitation, g of iodine per 1009 |09 |09 |08 |08 |0,7 |0,6
of fractions
lodine number after cavitation, g of iodine per 100gof | 1,3 | 1,1 |0,95|1,12 |13 |12
fractions

The results of analyses of heavy oil
before and after the cavitation zone give
grounds to assert that, due to the rupture of
intermolecular bonds of oil, the process of
microcracking occurs, as evidenced by an
increase in the iodine number (according to
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GOST-2070-82). It should be noted that the
intensity of the occurrence of cavitation and
its development in oil are influenced by the
pressure of saturated oil vapor, the steepness
of the curve of the dependence of saturated oil
vapor pressure on temperature, Viscosity,
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surface tension, the amount of dissolved and
free gas in oil, the residence time of oil in the
zone with reduced pressure, the nature of the
flow itself before entering the cavitation zone
(laminar or turbulent), etc. Viscosity can have
a two-way effect on the cavitation potential of
oil. On the one hand, the high viscosity of oil
is able to increase the adhesion force of the
liquid, thereby preventing the formation of
cavitation cavities. On the other hand, high
viscosity, creating resistance, can increase
pressure losses when narrowing at the
entrance to the cavitation device to the places
where cavitation occurs, where it is necessary
to achieve a saturated vapor pressure value,
thereby accelerating the onset of cavitation. In
petrochemistry, it is considered that the ratios
of paraffin to resin and to asphaltene are the

key parameters controlling the stability of
paraffin and asphaltene structures in the
composition of oil. When the proportion of
asphaltenes in relation to paraffin decreases,
then due to the increased influence of resins,
paraffin crystals form ribbon aggregates that
increase viscosity. And since microcracking
occurs as a result of cavitation in oil,
cavitation can in one way or another change
the ratio of paraffin to resin and asphaltene,
thereby leading to viscosity variations.

To study this theory, experiments were
carried out to change the viscosity depending
on the time of cavitation exposure. The
experiments were carried out with samples of
paraffin and resinous oil from the Shykhbagi
and Shirvan deposits, the characteristics of
which are given in Table 2.

Table 2 — Characteristics of oils from Shikhbagi and Shirvan fields according to paraffin and tar

) Mass fraction
Deposits . o ] i _
Kinematic viscosity at 20°C, mm?/s Paraffin | resins Asphaltenes
Shykhbagi 32,48 12,3 15,72 2,35
Shirvan 78,75 4,36 12,21 5,21

Based on the experiments, graphs of the
dependence of the kinematic viscosity of oil
on the time of cavitation treatment for oil from
the Shykhbagi and Shirvan fields were
constructed (Figure). As can be seen from the
graphs, the viscosity change is divided into
two areas. In the first area, cavitation
treatment accelerates diffusion, depending on
the time of cavitation treatment of oil in the
paraffin cavity, intensifies the process of its
destruction, i.e. with C or With S, the bonds of
heavy oil molecules are broken and free
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radicals are. The second region begins at the
moment of viscosity growth, when already
formed free radicals eventually go to recovery,
forming heavier molecules as a result of
cavitation microflows and turbulence. During
this period of time, not only paraffin, but also
asphaltene free radicals can act as embryos for
the creation of heavy molecules. This means
that with an increase in the time of cavitation
treatment, the abnormal properties of oil
among the molecules of paraffin, resins and
asphaltenes can be restored.



Azarbaycan Miihandislik Akademiyasinin Xobarlori
2023, cild 15, Mo 4, s. 32-39
Qurbanov O.N., Sardarova 1Z.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 4, pp. 32-39
Gurbanov A.N., Sardarova |.Z.

34 a
3 hd —
—
a2 32
g . /
2 30
3 \\ /./
B 29
-5
g 28
g 27 N
Mininmmmlviscosity
26 -
25
0 5.0 1 5.1 2
Time of processing, min
—e—Area 1 —e—Area 2
o
85
2 80 -
=
=] /
= 75
e 70 -
-4
=
65
9
8 P
g 60 -
ﬁ Mipimum viscodity
55 -
50

(=]

3

4

Ln

Time of processing, min

—o—Area ] —e—Area 2

Figure — The change in the kinematic viscosity of the oil of the Shykhbagi (a) and Shirvan (b) fields
formed, which leads to a decrease in viscosity

It should also be noted that the effect of
cavitation treatment on viscosity reduction
was more noticeable on resinous oil of the
Shirvan field (25.1%) than on paraffin oil of
the Shykhbagi field (16.6%).

Conclusion

Based on the experiments conducted and
the study of the effect of cavitation on oil, it
can be concluded that each oil has an optimal
time of cavitation action, determined by the
point of minimum viscosity, after which the
viscosity begins to increase. This time interval
should be taken into account when applying
cavitation to reduce the viscosity of heavy oil.
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In addition, the most important result of this
study from the point of view of the
technological process of applying cavitation is
that it is sensitive to the characteristics of oil.
This means that each oil has a specific
development process and before creating a
large-scale installation, it is mandatory to
perform laboratory tests and experimental
studies.
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Abstract

In the article, the theoretical hydrodynamic issues of working a circular viscous-plastic oil field with
a row of peripheral production wells and one central well are solved. Two issues were considered; In case
I, a circular bed is developed by means of a circular row of wells and a central well. In case Il, the same
deposit is worked through a row of two circular wells and one central well. In both cases, the geological-
physical properties of the deposits are the same; all wells have the same radius, the distances between
neighboring wells in each row are the same. All the wells are hydrodynamically completed according to
the degree of opening of the layer and the nature of the opening. When solving both issues, based on the
method of electro-hydrodynamic analogy of percolation theory, using hydrodynamic and electrical
schemes, Kirchhoff's law and the method of equivalent hydraulic resistances, a system of equations was
drawn up: the daily oil production of rows of peripheral wells and the oil flow formulas of the central well
were derived. In both cases, the dates for the full development of the field have been set. To shorten this
period as much as possible, it is suggested to affect the layer with heat, i.e., to inject heated water vapor or
hot water into the layer.

Keywords: circular field, viscoelastic oil, circular row of wells, central well, hot water.
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cargdlari ilo islonmasinin nazari hidrodinamik masalalori
S.H. Novruzova, E.V. Qadasova, I.N. Oliyev
Azarbaycan Déviat Neft vo Sanaye Universiteti (Azadlig pr. 16/21, Baki, AZ1010, Azarbaycan)

Yazisma iiciin:
Novruzova Stidabs / e-mail: sudaba.novruzova@mail.ru

Xiilasa

Moqalods, dairovi 6zlii-plastik neft yataginin ¢evrovi istismar quyulari corgasilo vo bir morkezi quyu ilo
islonilmasinin nozari hidrodinamik masalalori holl edilmisdir. ki mosaloya baxilmisdir; I mosalods dairovi yataq bir
gevrovi quyular corgasi vo bir morkozi quyu vasitosilo islonilir; II mosolods iso homin yataq iki ¢evrovi quyular
corgasila va bir markazi quyu vasitssils islonilir. Hor iki masalods yataqlarin geoloji-fiziki xassalari eynidirlar; biitiin
quyular eyni radiusludurlar, hor corgods ayriligda qonsu quyular arasindaki mosafslor eynidirlor. Quyularin hamisi
layin agilma doracesino gora vo agilma xarakterino goro hidrodinamik tamamlanmigdirlar. Hor iki mosoloni hall
edondo, siiziilmo nozariyyasinin elektro-hidrodinamik analogiya metoduna osason, hidrodinamik vo elektrik
sxemlorindon, Kirxhoff ganunundan vs ekvivalent hidravlik miiqavimatlor iisulundan istifado edorak, tonliklor
sistemi tortib edilmigdir: ¢evrovi quyular corgolorinin gilindolik neft hasilatlart vo morkozi quyunun neft debiti
diisturlar ¢ixarilmigdir. Hor iki mosslods yatagin tam islonmo miiddatlori toyin edilmisdir. Bu miiddsti maksimum
ixtisar etmok {igiin laya istiliklo tosir etmok, yoni laya qizmis su buxari, yaxud isti su vurmagq toklif olunur.

Acar sozlor: dairavi yataq, 6zl plastik neft, ¢evrovi quyular corgasi, morkozi quyu, isti su.
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AHHOTAIHSA

B cratee pemeHbl aBe 3amaud. B mepBoil 3ajgade KpyroBoe MECTOPOXKICHHE pa3pabaThIBacTCs OIHUM
KPYTOBEIM PSIOM JOOBIBAIOIICH CKBAXKWHBI, BO BTOPOW — JBYMsI KPYTOBBIMH pSJaMH TOOBIBAIONIMX CKBaXKHH U
OJIHOW TCHTPaNbHOH CKBaXXMHOH. B 00enx 3amadax reosioro-(u3MyecKre CBOWCTBA PACCMATPHBAECMBIX
MECTOPOXKJIEHUH OAMHAKOBBI: BCE CKBAKUHBI UMEIOT OJIMHAKOBBIE PAAUYChl U THIPOJAUHAMUYECKH COBEPIICHHBI 110
CTETIEHH BCKPBITUA M IO XapaKTepy BCKPBITUA IUIACTA; PACCTOSTHUE MEX]Y COCEJHUMHU CKBAKMHAMHU OJHOTO psija
onauHakoBo. [lpu penieHnn kaxaoW 3aJaHHOM 3aJauM HAa OCHOBE METOJa 3JEKTPOTUIPOJIUHAMHUYECKON aHaJIOTUu
Teopu (QUIBTPAIMHA C HCTIOIH30BAHUEM THIPOJUHAMHYECKONW W DJIEKTPHUYECKOW cxeM u3 3akoHa Kupxropda u
croco0a SKBUBAJICHTHBIX THAPABIMYECKUX COMPOTUBICHUIN COCTaBJIIeHAa CUCTEMa YpaBHEHHMHA. BriBeneHbl Ghopmysl
JUISL CYyTOYHOW OOBIYH KPYTOBBIX PSAOB CKBAXKHH W JIeOUTA IICHTPaIbHOM CKBAXXHHBL. B 00enx 3amadax omnpejerieHa
MPOAOJDKUTEIBHOCT  TOJIHOW pa3pabOTKu  MecTopoxieHus. Jus cokpalmeHus 3TOH NIPOJOIDKHTEIEHOCTH
MIPEJUIOKEH CIIOCO0 TEILIOBOTO BO3/ICHCTBHUS HA IUIACT MMyTEM 3aKaYKU HATPETOTO BOJSHOTO Mapa WK TOPSYCH BOJIBL.

KiroueBble ciioBa: KPpYroBo€¢ MCCTOPOXKACHUC, BA3ZKOIUIACTUYHASA He(l)TI), KOHLHGBOﬁ pAA  CKBaXXHH,
HCHTpaJIbHAsA CKBaXX1HaA, ropg4as BoJa.
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Giris
Dairovi yataq horizontal voziyyotdo
yatmisdir vo bircinslidir, yoni onu togkil edon
stixurlar yatagin intisar sahosinin biitlin
noqtalorinde eyni kegciriciliya ve qalinlhiga
malikdirlor. Lay soraitindoki 6zlii-plastik neft
sixilmayandir vo miioyyon qiymatlori olan
struktur-mexaniki xassoloro (SMX) malikdir

1, 2].

Isin magsadi

Moqalodo iki mosalo hall edilmisdir.
Birinci mosolods dairavi yataq bir cevrovi
hasiledici quyular ¢orgasilo vo bir morkozi
hasiledici quyu ilo islonilir, ikinci mosaloda
isa-iki ¢evravi haledici quyular corgasila v bir
morkazi quyu ilo. Hor iki mosslade baxilan
yataglarin geoloji-fiziki xassolori eynidirlor;
biitiin quyular eyni radiusludurlar vo layin
acilma  dorocosino vo  xarakterino  goro
hidrodinamik tamamlanmigdirlar; bir corge-
doki quyular arasindaki mosafolor eynidirlor
[3-5].

Masalonin qoyulusu
Sokil 1-do bircorgali dairovi yatagin

hidrodinamik \) elektrik sxemlori
gostorilmisdir.
Masalonin halli

Stiziilmo nazariyyasinin elektro-
hidrodinamik analogiya qanununa asason vo
sokildoki sxemlordon, hom do Kirxhoff
ganunundan  istifado  edorok, asagidaki

tonliklor sistemini tortib edirik:

P — Py — ARy — AR, = (qu +Qqnm )pll +

+ Qq1 ' Pir

Pyt — Pym + APy, — ARy — APy, = @
—QqPi +Qqm (P12 + Pim)

Bu tanliklor sistemini holl edorak tapiriq:
PP, ~APy 0P,

) Py~ Py + AP APy - ARy - - o (Plz +Pim) (2)
%= Putp
P~ 7(Plz +Pim)
Pu
i} Py =Py + APy — AP ~ ARy, . M
! Prot Pim Prat Pim
‘ (P =Py + ARy = ARy - ARy, ) - (Pk Py APy~ ARy ) .
Pt (/)n *Pn)'
. (112 + pin) 1
(Pn _pim)/ Pu
3)

Diistur (2) ilo ¢evrovi quyular corgasinin
giindolik neft hasilati hesablanir; diistur (3) ilo
1S9 moarkozi quyunun neft debiti toyin edilir.
Bu diisturda istirak edon baglangic tozyiq
diiskiilori asagidaki diisturlarla hesablanirlar:

APy, = G(Rk - Rl)! (4)
AP, =G(R'- 1), (5)
APy = G(Rl - R’)’ (6)
APy, =G(R{ - 1,) @)

Xarici hidravlik miigavimatlor asagidaki
diisturlarla toyin edilirlor:
27kh

P = R’ (8)
nin —~
Rl
27kh
P2=—p ©)
In -2
n R’
Daxili hidravlik miigavimatlor
asagidaki diisturlarla hesablanirlar:
1_n1n9 (10)
Py 27kh q
27kh
Pim = R (11)
nin —

g
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Neftlilik konturu

Quyular corgasi

Morkazi quyu

Sokil 1 — Bircargsli yatagin hidrodinamik va elektrik sxemlori
Figure 1 — Hydrodynamical and electric schemes of the one-row field

Sokildo asagidaki sorti isarslor gobul edilmisdir: Ry - neftlilik konturunun radiusu, Ry - ¢evravi quyular
corgosinin radiusu, R’- quyunun drenaj zonasimin radiusu, rq- quyunun radiusu, Py- lay tozyiqi, Pq- holledici

quyunun dinamik dib tazyiqi, an halledici morkezi quyunun dinamik dib tezyiqi, Pq'- halledici quyunun

gidalanma konturundaki tozyiq, Q,, - ¢evravi quyular corgasinin giindslik neft hasilati, Q= - morkozi quyunun

ql gqm

neft debiti, p,, —neftlilik konturu ile gevravi quyular ¢orgasi arasindaki halqavi sahade xarici hidravlik miigavimat,
P, — ¢evrovi quyular corgesilo morkozi quyunun drenaj zonasi arasindaki holqovi sahodo xarici hidravlik

miigavimet, p;; — quyular corgasinda bir quyunun drenaj zonasinda daxili hidravlik miiqavimati, G-baslangic tozyiq
gradienti, K- kegiricilikdir.

Artiq indi verilmis yatagin tam islonilma Bu diisturlarda m - layr toskil edon
miiddatini toyin etmok olar, ¢iinki bunun tiglin ~ siixurlarin mosamolik amsali; b - neftin hocm
lazim olan diisturlar ¢ixarilmigdir. Bu mosalo  omsali; @ - layin neftlo doyma omsalidir.

hacm tisulu ilo hall olunur [6, 7]. Tam c¢ixarila bilon neft ehtiyatinin
Ovvalce, yatagin tam c¢ixarila bilon neft  hocmi:

ehtiyatinin hocmini lay soraitindo toyin etmok Q=0,+Q,+Q, = ﬁ(sz - rq2>nmb o, (15)

lazzimdir. Bu hocm asagidaki ii¢ hissadon

Yatagin tam islonilmo miiddati olacaq:
Q =7z(Rk2 —Rf)-h-m-b-a),
T= 7Q ,
Qu1 +Qqnm

Yatagin tam  islonilmo  miiddotini
azaltmaq mogsadilo, mohsuldar laya asagidaki
istiliklo tosir tisullarindan birini totbiq etmok
lazimdir:
1) layin intisar sahosinin miixtalif noqtole-

ibarotdir:

1) neftlilik konturu ilo ¢evravi quyular
corgosi arasinda yerlogmis halqovi hissa:

Q, =z(R?=R2)-h-m-b-a, (12)

2) cevravi quyular corgosilo morkoazi

(16)

quyunun drenaj zonasit arasinda yerlosmis
halgavi hissa:
Q, =z(R?-R)-h-m-b-o, (13)
3) morkozi quyunun drenaj zonasi
konturu ilo 6zii arasinda galan hisso:
Qs=7Z'(R'2—I’q2)~h~m-b~a), (14)

rindo yerlosmis quyulardan qizmis su
buxarmin vurulmast;
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2) quyulardan laya isti suyun aqregatla
vurulmasi.

Sok.2-do, iki corgoli dairovi yatagin
hidrodinamik vo elektrik sxemlori toqdim
edilmisdir.

Sokildo asagidaki olavo sorti isarslor
qobul edilmisdir: R, - I ¢evravi quyular corgo-
sindoki tozyiq, p,;-1l ¢cevravi quyular corgasi

ilo morkazi quyunun drenaj zonasi arasindaki
halqovi sahonin xarici hidravlik miiqavimati,
corgosindoki  bir

pi,-ll gevravi  quyular

quyunun drenaj zonasindaki daxili hidravlik
miiqavimot, Q,-II ¢evrovi quyular corgosinin
giindolik neft hasilati.

Stiziilmo Nozariyyasinin (yeralt1
hidravlikanin) elektro-hidrodinamik analogiya
gqanununa 9sason, sok. 2-doki sxemlordon vo
Kirxhoff istifado  edarok,
asagidaki tonliklor sistemi tortib edilmisdir:

ganunundan

R —FR,—AR,-AR, = pll(Ql +Q, +qu)+ PiQ (17)
P, — Py + ARy, — AR — ARy, = pi,Q, + (P13 + £in) Qg
B -P, +AR, AR, -AR, =p,Q + (Qz +Qun )pI2+Q2pim

Tonliklor sistemi (17)-ni hall edorak,
cevrovi quyular corgolorinin gilindolik neft
hasilatlart Q1 vo Qz, ham ds morkozi quyunun

Qqm, debiti i¢lin  asagidaki  diisturlarim
¢ixaririq:
g FePam Ry =Ry PPy -0y +ARy
) =
Put Py /7|1(p|3 - Pim)(Pu + pil) (18)
. PP, — AR, AP, .
P2 P
P|1(P|3 + Pim)(Pu + pil{pil - “]
Pzt Pim
_ (Pk + ARy, — ARy - ARy )Pn
PP
Pll(ﬂn + Pi1)(P|3 + pim)z[pil - “]
Pzt Pim

Diistur (18)-Io I ¢evrovi hasiledici
quyular corgosinin giindolik neft hasilati

hesablanir.
R-Py~APy-AR,  P+AR,-AR,-aR, (19)

_ Pz Pn Piz " Pn
+ 0. —_
rp p.m)[pu o

Distur (19)-la II ¢evravi hasiledici
quyular corgasinin giindalik neft hasilati toyin
edilir.

Q,=

P

P, = Py + APy, — ARy,
qu = -
P13+ Pim
B (R - qu — ARy = ARy) pia + (20)
(P|3 + pim{pil - Mj

P13t Pim

+ (Pz + ARy, — ARy — AF’o4)/3|1 “Piz
Piz " Pu j

P13t Pim

(o1 + pim)z[pll .

Diistur (20) ilo morkozi hasiledici
quyunun neft debiti toyin edilir. Dairovi
yatagin miixtolif zonalarinda baglangic tozyiq

diiskiilori asagidaki diisturlarla toyin edilir:

APy = G(Rk - Rl)' (21)
APy, = G(Rl -R, )’ (22)
AP, =G(R, —R’), (23)
APy, =G(R' — 1y ) (24)
APy =G(R' 1), (25)
APy =G(R' Iy ) (26)

Indi verilmis iki quyular corgalori olan
dairovi neft yataginin tam islonilmo miiddotini
tapmaq olar, ¢linki bunun ii¢lin lazim olan
diisturlar ¢ixarilmisdir. Bu mosalo hacm tisulu
ilo hall edilir. ©vvalco, yatagin tam ¢ixarila
bilon neft ehtiyatinin hacmini lay soraitinds
tayin etmok lazimdir. Bu hocm agagidaki dord
hissadan ibaratdir:

1) neftlilik konturu ilo birinci gevravi
quyular corgosi arasinda yerlosmis holgovi
hissa:

Q, = z(R? -R?)-hmb o, (27)
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\I quyular cargasi

11 quyular cargasi

Sokil 2 — Iki corgali yatagim hidrodinamik vo elektrik sxemlori
Figure 2 — Hydrodynamical and electric schemes of the two-row field

2)
cargolori arasinda yerlosmis holgovi hissa:

Q, = H(Rlz - R22) hmb o, (28)

3) ikinci ¢evrovi quyular corgosilo
morkazi quyunun drenaj zonasinin kontur

birinci vo ikinci ¢evrovi quyular

arasinda yerlogmis halqovi hissa:

Q, = 7(R2 =R"?)-hmb v, (29)

4)  morkozi quyunun drenaj zonasinda
yerlogsmis hoalgovi hissa:
Q, =R =r2)-hmb, (30)
Yatagin tam cixarila bilon neft
ehtiyatinin hacmi:
Q=0,+Q,+Q,+Q,, (31)

Yatagin tam islonilmo miiddati olacaq:

S R (32)
Ql +Q2 +qu

Ogor mohsuldar laya istiliklo tosir iisulu
totbiq edilarsa, APy, =0, AP, =0,
APy; =0, APy, =0, APy, =0 vo APy =0 olar.
Beloliklo, yatagin tam islonilmo middati

maksimum ixtisar olacaqdir. Bu fakt doniz
neft yataglarinin iglonilmosi iiglin daha ¢ox

onda

45

ohomiyyat kosf edir, ¢linki doniz hidrotexniki
qurgularmin uzun omirliyi 25-30 ildir, neft
yataglarinin tam islonilmo miiddatlori iso 200-
300 ildir. Odur ki, miintozom siirotdo ¢ox
sayda tomir-barpa islori aparilir [8-11].

Natica

Moqalods dairovi 6zlii-plastik neft ya-
taginin ¢evravi istismar quyular: cargolori ilo
islonilmasinin nazoari hidrodinamik mosalalori-
nin halli noticalori toqdim edilmisdir. Tki mo-
solo hall edilmisdir; I mosolodo dairavi yataq
bir ¢evroavi hasiledici quyular corgasi vo bir
moarkozi quyu vasitasilo islonilir; 11 masolodo
iso dairavi yataq iki ¢evravi quyular corgolari
ilo vo bir markozi quyu vasitasila islonilir.

Hor iki masalads baxilan yataglarin geo-
loji-fiziki xassolori eynidirlor; biitiin quyular
eyni radiusludurlar, hor corgado ayriliqda
qgonsu quyular arasindaki masafolor (gevra
qovslarinin uzunluglari) eynidirlar.

Quyularim hamisi layin agilma doracasi-
na gora vo agilma xarakterina gora hidrodina-
mik tamamlanmisdirlar. Har iki masaloni hall
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edondo, siiziilmo nozoriyyasinin elektro-hidro-
dinamik analogiya metoduna asason, hidrodi-
namik va elektrik sxemlarindan, Kirxhoff ga-
nunundan va ekvivalent hidravlik miigavimot-
lor Gisulundan istifads edorak, tonliklor sistemi
tortib edilmisdir.

Bu sistemlarin halli naticasinda gevravi
quyular cargalorinin giindalik neft hasilatlar:
vo moarkazi quyunun neft debiti disturlar ¢i-
xarilmisdir. Hor iki mosolodo yatagin tam is-

lonmo miiddatlori toyin edilmisdir. Toklif edil-
misdir ki, bu miiddati ixtisar etmok mogsadils,
mohsuldar laya istilik tosir etmok moagsada
uygundur, yani laya qizmis su buxari, ya da is-
ti su vurmagla.

Maragqlar miinaqisosi

Miislliflor bu moqgalods arasdirilmasi
tolob  olunan  maragqlar
olmadigini geyd edirlor.

miinaqisosinin

REFERENCES

Samadov T.9., Mustafayev S.D., Novruzova S.H. Su basqisi lay rejimli zolaqvari 6zlii-plastik neft
yataqlarinin islonmasi nozariyyasinin bazi masalolori. EKO-Energetika elmi-texniki jurnal, Ne2, 2013.
soh.47-54. (in Azerbaijani)

Mustafayev N.S. Neft yataglarinin islonmasi nozariyyasinin bazi hidrodinamiki stasionar masalalari.
Fizika, riyaziyyat.Yer elmlori. “Bilgi” dorgisi Ne4(20). Baki1-2004. soh.28-34. (in Azerbaijani)

Bagirov M.K., Mustafayev S.D., Qasimov A.M., Kazimov F.K. Besnoqtali quyu diiziiliisiine malik
mohdud neft layina dair stasionar hidrodinamik maosololor. Fizika, riyaziyyat.Yer elmlori. “Bilgi”
dorgisi jurnali Ne2, Baki-2003, soh.81-88. (in Azerbaijani)

Mustafayev S.D., Mustafayev N.S., Mustafayev V.S. Dairavi neft ytaglarinin corgoli sistemlori ilo
islonmasinin bazi nazari masslalari. Nosraddin Tusinin 800 illik yubileyina hasr edilmis Respublika
konfransinin materiallari. 2-3 aprel, Baki-2001, soh 569-570. (in Azerbaijani)

. Mustafaev S.D., Mustafaev N.S., Mustafaev V.S. Nekotorye gidrodinamicheskie zadachi teorii
razrabotki polosoobraznyh neftjanyh zalezhej s vodonapornym rezhimom plasta. AGNA-80,
«Surahanyneft’» NGDU, Baku-2000, str.17-23. (in Russian)

. Yashchenko I.G., Polishchuk Y.M. (2016) Classification of Poorly Recoverable Oils and Analysis of
Quality Characteristics (Reviews) Chemistry and Technology of Fuels and Oils, 52 (4), pp. 434-444,
https://doi.org/10.1007/S.10553-016-727-9. (in English)

. Dadashzadeh M.A., Aliyev I.N. Rheological properties of elastic-visco-plastic liquid, Nafta-Gaz.,
Poland, 2022, no. 11, pp. 801-804, DOI: 10.18668/NG.2022.11.03. (in English)

. Aliyev L.N. Study of the bottomhole zone influence on a production well flow-rate. Oilfield
engineering. 2023; 3(651):40-42.D01:10.33285/0207-2351-2023-3(651)-40-42 (in English)

. Novruzova S.G., Fariz Ahmed, Gadashova E.V. Causes and Analysis of Water Encroachment of
Some Offshore Fields Products of Azerbaijan. Series of Geology and Technical Sciences. News of the
National Academy of Sciences of the Republic of Kazakhstan. Volume 3, Number 447 (2021), 106-
111 https://doi.org/10.32014/2021.2518-170X.71 UDC 266.276.3 (in English)

10. Aliyev I.N. Hydrodynamic Characteristics of One Dimensional Displacement of Oil by Liquid. Series
of Geology and Technical Sciences. News of the National Academy of Sciences of the Republic of
Kazakhstan. Volume 1, Number 457. (2023), 45-55. https://doi.org/10.32014/2023.2518-170X.258 (in
English)

11. Dadaszads X.I., Novruzova S.H., Qodosova E.V. Horokotsiz zonanin xassolorinin istismar

prosesinds quyulara tosiri. Azorbaycan Miihandislik Akademiyasinin Xoborlori. Cild 14, Nel (2022),

60-70 (. (in Azerbaijani)

46



Azarbaycan Miihandislik Akademiyasinin Xabarlori Herald of the Azerbaijan Engineering Academy
2023, cild 15, Ne 4, s. 47-51 2023, vol. 15, no. 4, pp. 47-51
Cafarov V.C. va basq. Jafarov V.J. etal.

Humbness Conditions of Polymer Mixtures

V.J. Jafarov, M.A. Manafov, P.S. Alkhanov, S.M. Khalilova, M.C. Rajabova

Institute of Polymer Materials of Ministry of Science and Education (S. Vurgun str., 124, Sumgait city,
AZ5004, Azerbaijan)

For correspondence:
Jafarov Valeh / e-mail: valeh_ani@ mail.ru

Abstract

Explaing the importance of creating polymer blends. Easy PE-PP mix selected by compara-
tive analysis of adopted systems determined to be more effective as a result of numbness and the
possibility of purchasing new high-quality materials and areas of use was revealed.

Keywords: numbness, polymer mixtures, packaging, layer, adhesion, product.

DOI 10.52171/2076-0515_2023 15 04 47 51

Received 12.01.2023
Revised 15.12.2023
Accepted 20.12.2023

For citation:

Jafarov V.J., Manafov M.A., Alkhanov P.S., Khalilova S.M., Rajabova M.C.

[Humbness Conditions of Polymer Mixtures]

Herald of the Azerbaijan Engineering Academy, 2023, vol. 15, no. 4, pp. 47-51 (in Azerbaijani)

47



Azarbaycan Miihandislik Akademiyasinin Xabarlori Herald of the Azerbaijan Engineering Academy
2023, cild 15, Ne 4, s. 47-51 2023, vol. 15, no. 4, pp. 47-51
Cafarov V.C. va basq. Jafarov V.J. etal.

Polimer garnsiglarin uyusmasi sartlari
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Xiilasa

Polimer garisiglarinin yaradilmasinin shamiyyatinin agiglanmsi. Gétiiriilmiis sistemloarin miiqayisali
tohlili ilo se¢ilmis PE-PP garisiginin asan uyusmasi noticasinds daha samarali oldugu toyin edilmis va yeni
keyfiyyatli materiallarinin alinmasi, istifado sahslorinin miimkiinliiyii askar edilmisdir.
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AHHOTAIIUA

[Tyrem cpaBHHUTENBHOTO aHaiM3a MojoOpaHa Ooiee 3pPeKTHBHAS CUCTEMa COBMECTUMOCTH CMECH
[I3-IIIT u ycTaHOBIEHAa BO3MOXXHOCTHh NMPUOOPETEHHS HOBBIX KaYECTBEHHBIX MaTepUaOB W oOiacreit
MIPUMEHEHMUSL.
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Giris

Polimer garisiglar1 sisteminin asas ma-
hiyyati tokco qarisdirmaya maraq Kimi yox,
garisiqdaki polimerlarin har birinin 6z avvalki
xassosi saxlanilmaqla yanasi, yiiksok fiziki-
mexaniki gostoriciloro malik, yeni kefiyyatli
material almaq vo kompozitds istirak edon po-
limerlor arasinda slagalondirmak, uygunlasdir-
maq magsadi garsiya goyulur.

Polimerlarin garigdirilmasi miirokkob fi-
ziki-kimyavi proses olmagla kiitlonin defor-
masiya harokoti naticasinds intensiv istilik ay-
rilmast misahida olunur.

Polimerlorin garisdirilmasinda mogsad
gotiiriilon ilkin polimers bir sira magsoadyonlii
olavalorin daxil edilmasi ilo alinan materialin
xassasinin yiiksoldilmoasina nail olmaqdir. Be-
12 ki, ilkin polimer lazim olan kompleks xasss-
yo malik olmadigindan istifadasi slverisli sa-
yilmir, ona gora polimer garisiglarin miixtolif
komponentlordon — stabilizatordan, doldurucu-
lardan, appretlordon, pigmentlordon, vulkan-
lagdirilabilon olavalordon va s. istifado olun-
masi magsada uygun hesab edilir.

Texnoloji prosesds garigdirici kimi genis
yayilmis: Ekstruziya vo tozyiq altinda tokmo
kimi garisdiric tisllardan istifads olunur.

Isin magsadi

Polimer garisiqlar asasinda yiiksok fizi-
ki-mexaniki xassalora malik kompozitlarin ya-
radilmast ilo keyfiyyotli momulatlarin alinmasi
qarstya magsad qoyulmusdur.

Toqdim olunan moqalads ti¢ polimer sis-
temi gotlrtilmiis hor ¢ sistemdo miixtalif
kiit.% nisbatlordo kompozisiyalar hazirlanmis
va eyni kiit.% nisbatlordo niimunalor gotiirtile-
rok fizki-mexaniki gostaricilori tayin vo miiga-
yiso edilmisdir.

Qarisdirici
olunmusdur.

kimi voardonadon istifada
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Qeyd olunan sistem vardonads qarisdiri-
laraq har bir polimerin xassasino uygun texno-
loji is¢i optimal sorait- temperatur, tozyiq va s.
secilir.

Voardonadan vo presdon sonra alinan 16v-
halor standarta uygun forma bigaqla kasilir vo
kompozitlarin fiziki-mexaniki xassolori toyin
edilir.

Istifado olunan polimer garisiglarla xam-
malin miqdarina gonaat, istifade olunan poli-
merlarin bir sira xassalorinin asagi soviyyado
olmasimin yiiksaldilmasi mogsadi ilo onlarin
biri-birinde uyusmas:t vo Sinergik effektin
omola golmasi miisahids olunur.

Bununlada keyfiyyatli materialin alin-
masina nail olunur. Yiiksok fiziki-mexaniki
gostariciloro malik polimer kompozitlarin ya-
radilmasinin bir yolu da istirak edon polimer
garisiglarin biri-birinds uyusmasi, basqa sézlo
tam gablasdiriimasi ilo Sinergik effektin omoalo
golmasi asas amil sayilir.

Sistemds istirak edon polimerlarin biri-
birindo uyusmasi tglin onlarin tabioti, quru-
lusu, mansayi, oxsarligi vacib amil sayilir. Po-
limerlorin uyusmasi-homogen kiitlonin alin-
mast ilo segilmis sistemlor asasinda (PE-PP),
(PE:PVX) va (PE-PS) alinan kompozitlarin bir
sira fiziki-mexaniki xassalorinin todqiqi tocrii-
bi vo nazoari elmi maraq kasb edir [1-6].

Problemin qoyulusu

Toqdim olunan todgigatda {i¢ sistem:
(PE-PP), (PE:PVX), (PE-PS) segilarak islanil-
misdir.

Problemin halli

Sec¢ilmis hor bir sistemin eyni kiit. %
nisbatlorinds kompozitlorin xassalori dyranil-
mis vo miiqayiso edilmisdir.
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| sistem:

a) PE-PP=70:30kiit. % mohkomlik haddi
0=14,71MPa

b) PE-PP=60:40 kiit. % mdohkomlik
haddi 6=18,07MPa

c) PE-PP=50:50 kiit. % mohkamlik
haddi 6=19,10MPa

d) PE-PP=40:60 kiit % mohkomlik had-
di 6=22,04MPa

e) PE-PP=30:70 kiit % mdhkomlik had-
di 6=23,70MPa

Il sistem:

a) PE-PVX=70:30kiit. % mohkamlik
haddi 6=11,18 MPa

b) PE-PVX=60:40 kiit. % mohkamlik
haddi 6=11,87MPa

c) PE-PVX=50:50 kiit. % mohkomlik
haddi 6=10,87MPa

d) PE-PVX=40:60 kiit % mohkomlik
haddi 6=10,67MPa

e) PE-PVX=30:70 kiit % mohkomlik

haddi 6=11,10MPa

111 sistem:

a) PE-PS=70:30 kiit. % mohkomlik hod-
di 6=8,88 MPa

b) PE-PS=60:40 kiit. % mohkomlik
haddi 6=7,56MPa

c) PE-PS=50:50kiit. % mohkamlik had-
di 6=7,80MPa

d) PE-PS=40:60 kiit % mdohkomlik had-
di 6=5,12MPa

e) PE-PS=30:70 kiit % mdhkomlik had-
di 6=6,40MPa

Toqdim edilon ii¢ sistemi migayisali
tohlil edarok eyni kiit% nisbatlords dartiimada
mohkomlik haddi, nishi uzanma vo ©AG-nin
giymatlori 6yranilmis vo miiqayisa edilmisdir.

PE-PP=30:70kiit. % md&hkomlik hoddi
0=23,7MPa
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PE-PVX=30:70 kiit % mohkomlik hoddi
0=11,1MPa

PE-PS=30:70 kiit % mohkomlik hoddi
0=6,40MPa giymot aldig1 agkar edilmisdir.

Gostarilan ti¢ sistemds dartiimada moh-
komlik haddinin giymotino gora (PE-PP)>
(PE-PVX) > (PE-PS) asillig1 {izro doyisildiyi
miioyyan edilmisdir.

Qeyd olunan ii¢ kompozisiyanin I-ci sis-
teminds eyni PE-PP=30:70 kiit.% nisbatindo
0=23,70 MPa, Il sistem PE:PVX=30:70 kiit.%
nisbatindo 6=11,10 MPa, Il  sistem
PE:PS=30:70 nisbatinds iso 6=6,40 MPa qiy-
mot alir. Tocriibi naticalordon belo gonasto
galmok olur ki, I-ci sistemdo PE-lo PP oxsar
moansali olefinlor asasinda polimerlar oldugun-
dan, PP-nin fiziki-mexaniki gostaricilori daha
yiiksok giymoto malik oldugundan vo PP-nin
kompozisiyada kiit.% nisbati PE-o nisbaton
¢ox Oldugundan ¢=23,70 MPa giymoato malik
olur.

Il sistemindo PE:PVX=30:70 kiit.%-nis-
batindo ¢=11,70 MPa olur. Burada istirak
edoan xlor atomu sacCiyyavi xiisusiyyat kasb et-
diyindon va digar komponentlora nisboton PE-
PVX tam oxsar olmadigindan uyusma vo gab-
lagdirma ¢atin vo nisbaton macburi olur, elaco
do homogen kiitlo tam alinmadigindan ¢=11,1
MPa giymoto malik olur.

Il sistemds iso PE-PS garisiginda PS-
aromatik qurulusa malik PE vo PP-o nisbaton
moansali tam forgli oldugundan basqa s6zlo po-
liolefin-poliaril geyri oxsar sistemlor oldugun-
dan homogen kiitlo alinmas1 macburi va ¢atin
omolo golir. Belo ki, geyri homogen kiitlado
alinan layl toboqo yarandigindan vo adgeziya
qiivvosi az oldugu iigiin 6=6,40 MPa daha
kigik giymat alir.
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Sokildon goriindiiyli kimi dartilmada
mohkomlik haddinin qiymati doldurucunun
mioyyan (70-80 kiit.%) hoddadok coxaldiqda
giymat artir, sonra kovroklik xassasinin bas
vermasi ilo Qgiymoat azalir, nisbi uzanmanin
giymati doldurucunun miqdarinin coxalmasi
ilo tors miitonasib giymot alir, ©AG-nin qiy-

moti iso addoton doldurucunun giymati coxal-
digca ©AG-nin giymoti azalir.

Notica

Tadqiq edilmis ti¢ kompozitlorin miiga-
yisali tohlilino osason PE-PP sistemi oxsar
moansali oldugu ti¢iin uyusma tam amolo goldi-
yindon geyd olundugu kimi qirilma qiivvasi
daha yiiksok qgiymoats (6=23,70 MPa) malik
olur. Toqdim olunan tadgiqat isindo PE-PP
sistemi tam uyusma «Sinergik» effekt omolo
galdiyindon daha miinasib va olverisli hesab
oldugundan konstruksiya materiallarinin ha-
zirlanmasinda istifadasi toklif olunur.

Alinan kompozitin dartilmada méhkom-
lik haddi (o), nisbi uzanma (g), ©AG asilliq
ayrillari sakilda verilmisdir.

Maraglar miinaqisasi

Mialliflor bu moqalods arasdirilmasi to-
lob olunan maraglar miinaqisesinin olmadigini
geyd edirlar.
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Abstract

In this article 2-thio-4-oxothiazolidine, 2-thio-4-oxo-5-methylthiazolidine, thiozolidinone-
2,4, 2-thiogidantone, which are highly reactive as a result of three-component condensated in the
presence of various catalysts, provide ample opportunities for the synthesis of other nitrogenous
heterocyclic compounds. Different thiozalidindions (tions) are synthesized. To assess the
antioxidant properties of the synthesized compounds, the kinetics of their reactions with
cumylperoxide radicals and cumylhydroperoxide are studied. The reaction of the studied
compounds with cumyl peroxide radicals is studied on the basis of the oxidation of cumene by
the reaction of the initiator AIBN at a concentration of 2 - 10-2 mol / |I.

Keywords: thiourea, potassium hydrodanide, monochloroacetic acid, isopropyl alcohol.
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Xiilasa

Miixtolif katalizatorlarin istiraki ilo tickomponentli kondenslosmo naticosindo yiiksok reaksiyaya
gabil, diger azot va kiikiird tizvlii heterosik birlosmoalarin sintezi {i¢iin genis imkanlar yaradan 2-tio-4-
oksotiazolidin,  2-tio-4-okso-5-metiltiazolidin,  tiozolidinon-2,4,  2-tioqgidanton  tipli =~ mixtalif
tiozalidindion(tion) lar sintez olunmusdur. Sintez edilmis birlosmoalorin antioksidlogdirici xassosini
giymotlondirmok tiglin onlarin kumilperoksid radikallar1 vo kumilhidroperoksid ilo reaksiyalarinin
kinetikas1 arasdirilmisdir. Sintez edilmis birlogmolorin antioksidlosdirici xassosini giymotlondirmok ii¢iin
onlarin kumilperoksid radikallar1 vo kumilhidroperoksid ilo reaksiyalarmin kinetikas1 arasdirilmigdir.
Tadgiq olunan birlogsmolorin kumilperoksid radikallari ilo reaksiyasi kumolun inisiatorlasmis AIBN-nin
2-10% mol/l qatiliqda reaksiyaya daxil edilmoklo oksidlosmosine osason dyranilmisdir.

Acar sozlor:  tiokarbamid, kalium rodanid, monoxlorsirka tursusu, izopropil spirti.
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AHHOTAIUA

B cratee paccmarpuBaroTCs  2-THO-4-OKCOTHMA30JIMIUH,  2-THO-4-O0KCO-5-METHITHA30IUANH,
THO30JIMINHOH-2,4, 2-TUOTHJAHTOH, 00JaJafolie BHICOKON PEaKIMOHHOW CIOCOOHOCTBHIO B pe3yjIbTaTe
TPEXKOMIIOHEHTHOW KOHJIEHCALMM B TPUCYTCTBUU pa3IMYHBIX KaTaIW3aTOPOB, 0OO0ECICUYNBAIOIINX
IIMPOKHE BO3MOYKHOCTM JUId CHHTE3a JIPYTMX Aa30TUCTBIX TETEPOLMKINYECKUX COEAMHEHUI.
CuHHTE3UpOBaHBl  pa3IM4HblE  THO3ANMAMHAMOHBI.  [II1  OLEHKM  AHTHOKCHUIAHTHBIX  CBOMCTB
CHHTE3MPOBAHHBIX COCTMHEHHH NCCIIEIOBATIN KHHETHKY X PEAKINHA ¢ KyMHJITIEPOKCHAHBIME PauKaIaMu
U KyMWITHAPONIEPOKCHIOM. Peaknnio MccielyeMbIX COEIMHEHMM ¢ paukalaMu NEpOKCHAa KyMuia
M3y4Yaj Ha OCHOBE OKHCJICHUS KyMoJa 1o peakiuu nannuaTopa JJAK B kornenTpanuu 2-10-2 Mois/m.

KiaroueBble caoBa: THOMOYCBHHA, TUAPOJaHU KaJus, MOHOXJIOPYKCYCHast KHUCJIOTA,
I/I301'[pOHI/IJ'IOBI>II\/'I CIIUPT.
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Giris

Tsiklik azolidinlorlor bifunksional bir-
losmoalar olub, genis spektrda fizioloji xassa
gostardiklarine gora farmakoloji todgiqatlarda
genis totbig olunur [1]. Digor torafdon onlar
radiasiya stialarmin qarsisin1 alan radioprotek-
tor kimi istifads edilir [2]. Tifen vo aprofen ki-
mi dorman maddalari amintiollarin téromalori
kimi tibbi klinikada hazirda miivaffagiyyatlo
totbiqg olunmaqdadirlar [3]. Torkibindo azot
heterotsiklik teroatom torkibli heterotsiklik
birlosmoalor tobiotdo ¢ox @enis yayilmis va
canli organizmlords xiisusi rol oynayir [4].
Onlar yiiksok bioloji aktivliys malik olub al-
koloidlar, vitaminlor, fermentlor vo nuklein
tursusu torkibinds istirak ederok bioloji hoya-
tin inkisafina komok edir. Pirimidin asas1 ura-
sil, timin, sitozin, nukleotidlor, RNT, DNT tor-
kibinds istirak edir [5]. Toarkibinds pirimidin
fragmenti istirak edon metilurasil vo pentoksil
anabolik vo antikatabolik aktivlik gostorir,
eritro vo leykopoezanin stimulyatoru rolunu
oynayir. Pirimidin  fragmentindo miixtalif
funksional gruplar vs radikallarin istiraki onla-
rin miixtalif toyinatli dorman maddalori, bakte-
risid vo virus infeksiya miialicasindo genis is-
tifadosino imkan verir [6-7]. Malumdur ki, pi-
rimidinlordo keto-enol va tiol-tion tautomeri-
yas1 olan gruplar oldugda onlarin antimikrob
xassolori daha giiclonir. Bunlar1 nazors alarag
funksional avazli yeni pirimidinlorin téromalo-
rinin sintezi vo bunun tgiin yeni metodlarin is-
lanib hazirlanmasi ¢ox aktualdir [8].

Isin magsadi

Mogalado miixtalif sinif antioksidantla-
rin sintezi va onlarin qurulusu ilo antioksidlos-
dirici efektivliyi arasinda olagonin dyranilmasi
sahasinda aparilan todgigatlar1 davam etdiro-
rok, muxtalif azolidin téromolari sintez vo va-
rakterizo etmisik. Katalizatorlarin istiraki ilo
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tickomponentli kondenslogsma naticasinds yiik-
sok reaksiyaya gabil, digor azot vo kiikiird
tizvli heterosik birlogsmolorin sintezi tigiin ge-
nis imkanlar yaradan 2-tio-4-oksotiazolidin, 2-
tio-4-okso-5-metiltiazolidin, tiozolidinon-2,4,
2-tiogidanton  tipli mixtalif  tiozalidin-
dion(tion)lar sintez olunmusdur. Isin moqgsadi
genis spektrda fizioloji foalliga malik, antivi-
rus, antibakterial, sis oleyhina, hipertoniya
asleyhins vo digar dorman preparatlar: kimi tot-
big olunan azolidinlor sintez etmokdir. Bu
noqteyi nazordon xiisusan, azolidin téromalori-
nin kimyavi ¢evrilmo mohsullarinin otrafinda
elmi vo praktik arasdirmalarin davam etdiril-
moasi magsadouygundur.

Eksperimental hissa
2-tio-4-oksotiazolidin (1) sintezi

Termometr, damect qift ilo tochiz olun-
mus tichbogazli kolbaya 9.7 q (0.05 mol) ka-
lium rodanid olave edilir vo 50 ml metil spir-
tindo holl edilir. Daha sonra 7.8 ml tiogliikol
tursusu, 2.8 ml gat1 sulfat tursusu olava edilir
va oks soyuducu ils tachiz olunmus su hama-
minda 1 saat qizdirilir.Sulfat tursusunun ¢6-
kiinttisii ayrilir. Vakkumda qovularaq soyu-
dugda kristallasan yag alinir. Sonra reaksiya
mohsulu soyudulur. Cokon tigbucaq sokilli
kristallar siiziiliir vo benzolda yenidon kristal-
lagdirilir. 3.8 q (1) birlosmosi alindi.

o 2-tio-4-okso-5-metiltiazolidin (I1) sin-
tezi
Termometr, damct qift ilo tochiz olun-
mus lighogazli kolbaya 9.7 q kalium rodanid
alava edilir vo 50 ml metil spirtinds holl edilir.
Daha sonra 7.2 ml tiosiid tursusu, 2.8 ml gati
sulfat tursusu olavo edilir vo oks soyuducu ilo
tochiz olunmus su hamaminda 1.5 saat qizdiri-
lir.Sulfat tursusunun ¢okiintiisii ayrilir. Vak-

kumda govularag soyuduqda kristallasan yag
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alinir. Sonra reaksiya mohsulu soyudulur. C6-  kristallar siiziiliir vo efirdo yenidon kristallas-
kon ag Kristallar siiziiliir vo benzolda yenidon  dirilir. 6.8 q (1) birlosmasi alindi.
kristallagdirilir. 4.3 g (I1) birlosmasi alindu.
= 2-tiogidanton (IV) sintezi
e Tiozolidinon 2,4 (1) sintezi Termometr, damci qifi ilo tachiz olun-
Termometr, damer qifi ilo tochiz olun-  mus iigbogazli kolbaya 20 q tiokarbamid olave
mus tighogazli kolbaya 15 q tiokarbamid slave  edilir vo 200 ml su olave edilir. Daha sonra
edilir vo 150 ml su olavo edilir. Daha sonra  12.4 g monoxlorsirks tursusu 10 ml suda hall
12.4 g monoxlorsirks tursusu 10 ml suda hall ~ edilorok olave edilir qum hamaminda 80-
edilorok 250 ml xlorid tursusu olavo edilir vo ~ 90°C-do tiokarbamid yox olana qodor qizdiri-
oks soyuducu ils tochiz olunmus su hamamin-  lir. Sonra kolba soyudulur vo Mg. Alinmis
da 3 saat qizdirilir. Xlorid tursusu ayrilir. Vak- ~ mohlula 7 g Na2CO3 olave edilir. Alinmis 2-
kumda qovularaq soyuduqda kristallar almir.  tiogidanton Kristali spirt vo efirlo yuyulur.
Sonra reaksiya mohsulu soyudulur. Cokon ag ~ Alinmis madds 250°C-ds pargalanir.7 q (IV)
aciq yasil rongli kristallar birlosmasi alin.

K,SO, HN C=o0
H,C-COOH + KN=C=S + H,S0, ——=
s=c CH,
SH
Azolidinlarin sintezi ilo onlarin antiok- Kalium rodanidin metil spirtindo hall

sidlosdirici xassolori arasinda slagonin miioy-  edilmis qarisigi tiosiid tursusu ilo qarisdirilir
yonlogdirilmasi sahasindo todgigatlart davam  vo qatt sulfat tursusu ilo 1.5 saat su
etdirorak kalium rodanid, tiogliikkol tursusu vo ~ hamaminda qizdirilaraq sulfat tursusunun
gatt sulfat tursusunun birgo kondenslogsmosi  ¢okiintliisii  ayrilir.  Reaksiyanin  gedisi
naticasindo 2-tio-4-oksotiazolidin (1) sintezi  noticasindo 2-tio-4-okso-5-metiltiazolidin (11)
sintez edilmisdir. kristallar1 alinir:

KSO,  HN___C=0
H, -COOH + KN=C=S + HZSO4 ——
S=¢ (:|-|2—CH3

SH
Tiokarbamid monoxlorsirke tursusu ilo  qodor qizdirilir.Alinmis tiozolidin-2,4 kristall
250 ml xlorid tursusunda hall edilorok su  spirt va efirlo yuyulur. Ag(I11) rongli kristallar
hamaminda 80-90°C-da tiokarbamid yox olana  alir.
H =0

CH,-COOH + HS-C-NH, —>
o=c\__JcH,

N |
NH
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Tiokarbamid monoxlorsirka tursusu ila
10 ml suda hall edilorok qum hamaminda 80-
90°C-do tiokarbamid yox olana qoder
qizdirilir.  Alinmis mohlula Na2COs olavo

edilir. Alinmig 2-tiogidanton kristali spirt vo
efirlo yuyulur. Agiq yasil rangli kristallar (1V)
alinir.

HOOC-CH,-CL + H,N-C-NH, ——= HN—™C=0

S

Reaksiyasinin gedisin nazik toboagoli
xromatoqrafiya tisulu ilo tonzim edilmisdir.

Sintez edilmis 2-tio-4-oksotiazolidin (1)
birlosmoalorin qurulusu IQ vo 'H, C NMR

spektroskopiyast  ilo  tosdiq  edilmisdir.
Tomizliyi iso nazik tobagoeli xromatoqrafiya ilo
toyin edilmisdir.

Sintez olunan birlosmalarin (I-1V) fiziki-
kimyavi sabitlori  vo ¢iximi  cadvalds
verilmisdir.

Sintez edilmis azolidin (I) IQ spektrindo
1245, 1030 vo 825 smtsalrind miisahida olan
xarakterik zolaglar oksiran halgasinda olan
asimmetrik, simmetrik vo pulsasion ragslarini
xarakterizo edir. Lakin 665 sm™ sahosindo hal-

$=C.,-CH
H

gada C-S rabitoasinin valent ragslorini xarakte-
rizo edoan zolaqg aydinlasr.

Fragmentdo olan CH20 qrupundak: iki
protonun signali dublet soklinds 2.40-2.45 va
2.70-2.75 m.h.sahoalorinds, CH-O- grupundaki
yegano protonun signali multiplet halinda
2.80-3.45 m.h. sahosindo miisahido edilir.(1)
birlosmasinin *H NMR spektrini nozordon
kegirdikdo goriirtik ki, CH2S grupundak iki
protonun signali CH20 grupuna nisbaton qiiv-
vatli sahodo 2.15-2.25 vo 2.35-2.45 m.h. iki
dublet soklinds aydinlagir. CHS grupunda olan
protonun signali isa 3.10-3.20 m.h. sahasindo
multiplet soklinds miisahido edilir.

Cadval — Birlogsmolorin fiziki-kimyavi xassalori (I-1V)
Table — Physico-chemical properties of compounds (I-1V

Birlosmolor Cixim, Tor, Brutto formulu Element analizi, %
No % °c Tapilib
Hesablanib
C H N S
I 65 260 C4HsNOS 67.67 6.25 12.06 | 11.48
67.80 6.12 12.16 | 11.30
I 70 220 C4HsNOS> 66.84 6.62 9.67 12.04
67.12 6.34 9.78 12.34
i 65 208 C3H3NO,S 63.40 5.85 9.13 10.48
63.55 6.00 9.26 10.60
v 60 210 C3H4aN20S 61.21 6.47 12.54 9.59
61.41 6.67 12.64 | 9.65
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Sakil 1 — 2-tio-4-oksotiazolidinin 1H NMR spektri
Figure 1 — NMR 1H spectrum of 2-tio-4-oksotiazolidine (1)
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Sintez edilmis birlosmalarde molekulun-
da yerlason pirimidin fragmentinds olan metil
grupundaki ti¢ protonun signali 1.2-1.4 m.h.
sahasinda, asetil qrupundaki ii¢ protonu isa
singlet soklinds 2.5 m.h. sahasinds aydinlasr.
Aromatik halgaya birlogsmis metin qrupundaki
yegana protonun signali 4.8 m.h. sahasindo
singlet soklinda, pirimidin fragmentino birlos-
mis aromatik halgadaki qeyri-simmetrik pro-
tonlarin signali iso multiplet soklindo askar
olunur. NH grupundak: signal on zoif sahado
9.45 m.h. aydinlasr.

13C NMR spektirinds olan karbon atom-
larmin sixhigini xarakterizo edon signallar 25,
29, 47, 53, 86, 117, 123,127, 132, 142, 151,
180, 208 m.h. sahalarinds askar olunur.

Sintez edilmis birlogsmalarin antioksid-
lagdirici xassasini giymatlondirmok ti¢iin onla-
rin kumilperoksid radikallart vo kumilhidrope-
roksid ilo reaksiyalarmin kinetikasi aragdiril-
migdir.

Todqig olunan birlosmalorin  kumilpe-
roksid radikallar: ilo reaksiyas: kumolun ini-
siatorlasmis AIBN-nin 2-102 mol/l gatiliqda
reaksiyaya daxil edilmoklo oksidlogsmasina
asasan Oyranilmisdir.

Sokil 2-do tadqiq olunan birlagmalarin
istiraki ilo kumolun inisiatorlu va inisiatorsuz
oksidlgmasinin  kinetik oyrilori  verilmisdir.
Goriindiiyii kimi bu inhibitorlar kumilperoksid
radikallar1 ilo reaksiyaya girorok oksidlosma
prosesini tormozlayir. Todqiq edilon birlogsmo-
lor olava edilmadikdo kumolun oksidlasmasi
sabit siiratlo gedir vo induksiya dovrii miisahi-
do olunmur. Lakin sintez edilmis birlogmalari
5-10° mol/l reaksiya miihitino daxil etdikdo
oksigenin udulma siirati azalir. Tadqig olunan
(I-111) birlasmalari kumilperoksid ila qarsiliglh
reaksiyas: termostatda yerlosdirilmis siiso

reaktorda xlorbenzol monlulunda aparilir.
[KHP] = 0.38mol /|, [InH] = 1.10-4 mol /|
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Sakil 2 — Sintez edilon birlosmolorin (I-111) istirak: ilo
kumolun inisiatorlasmis  oksidlosmoasinin  kinetik
ayrilari. Voz-oksigenin hacmi(ml), T vaxt (daq), 60°C;
[AIBN]=2-10?mol/l, [InH]=5-10"* mol/I.
Figure 2 — Kinetic curves of initiated oxidation of
kumol in the presence of synthesized compounds (I I11).
Volume of VO2-oxygen (ml), t time (min), 60 ° C;
[AIBN] =2 - 10-2mol /L, [InH] =5 - 10-4 mol /|
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Sokil 3 — Sintez edilon birlogsmalorin (I-IIT) istirak ilo
kumolun oksidlosmosinin  kinetik  oyrilori.  Voo-
oksigenin hacmi (ml), t-vaxt (daq), 110°C, [InH]=510
Smol/l

Figure 3 — Kinetic curves of kumol oxidation in the
presence of synthesized compounds (I-111). Volume of
VO2 oxygen (ml), t-time (min), 1100C, [InH] = 510-
5mol /1

Sokil 4 — Sintez edilon (I) birlosmasinin istiraki ilo
kumilhidroperoksidin par¢alanmasinin kinetik oyrisi.
[KHP]=0,38mol/l, [InH]=1.10"* mol/I

Figure 4 — Kinetic curve of decomposition of
cumylhydroperoxide in the presence of the synthesized
compound (1).
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Reaksiya miihitina havanin daxil olmasi-
nin qarsisini almag tigiin miihito vaxtasirt azot
gazi1 buraxilir. Tadqgiq olunan inhibitorlar ku-
molun inisiatorlasdirilmis oksidlogsmasini tor-
mozlayir. Sintez edilon birlosmalarin bazilori-
nin antioksidlosdirici xassolori model reaksi-
yalarda todqiq edilmisdir. Mioyyonlosdiril-
misdir ki, tadgiq olunan birlosmolor hom ku-
milhidroperoksidi parcalamaq, hom do perok-
sid radikallar1 ilo slagads olaraq oksidlogsmo
zoncirini qirmag gabiliyystino malik olduglar
ticiin, onlart kombino tasiri gostoran inhibitor-
lar sinfino daxil etmok olar.

Notica

Molekullarinda azot atomlar: ilo yanasi
kiikiird atomlarimi birgo saxlayan sintez edil-
mis 2-tio-4-oksotiazolidin, 2-tio-4-okso-5-me-

tiltiazolidin, tiozolidinon-2,4, 2-tiogidantonla-
rin karbohidrogenlorin oksidlogsmosinin qarsi-
sin1 alan aggar Kimi todqigi bels naticoys gol-
moaya asas verir ki, tadgiq olunan bu birlasmo-
lor yiiksok antioksidant tosirs malikdirlor. On-
larin oksidlosma prosesinin inhibitorlasmasi-
nin elementar reaksiyalarinda istirakinin, yani
antioksidant tasir mexanizminin &yranilmasi
gostormisdir Ki, bu birlogsmalorin hamist pe-
roksid radikallarin1 dof etmoklo oksidlosma
zoncirlorini qiraraq amoalo golon hidroperok-
sidlori katalitik parcalayaraq yliksok antioksid-
lagdirici gabiliyyato malikdirlar.

Maraglar miinaqisasi

Miislliflor bu mogalods arasdiriimasi to-
lab olunan maraglar miinaqisesinin olmadigini
geyd edirlar.
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Abstract

The article studies of the effect of diesel-alkaline waste in water on the process of capillary impreg-
nation. In this regard, a number of experiments are carried out in laboratory conditions on a special instal-
lation. Inside the installation, the effect of capillary forces on the capillary impregnation process is inves-
tigated by creating a porous medium from various fractions of sand and clay. It is established that a one
percent solution of DCO in water retains its surface-active property and it is advisable to use it in capillary
impregnation processes. It is also shown that the proposed solution, acting on the swelling of clay, reduces
it and sufficiently increases the compression ratio of oil.

Keywords: porous medium, permeability, compression ratio, layer, capillary pressure, experimental
setup.
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Dizel-qgolovi tullantisinin suda mahlulunun kapilyar hopma prosesina
tasirinin tadqiqi
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Xiilasa

Mogals dizel-galovi tullantisinin kapilyar hopma prosesina tasirinin tadqigine hosr olunmusdur.
Bununla slagadar, laboratoriya soraitinds, xiisusi qurguda bir sira eksperimentlor aparilmisdir. Qurgunun
daxilindo mixtalif qum vo gil fraksiyalarindan mosamali miihit yaradilaraq kapilyar qiivvelorin hopma
prosesinsg tosiri todqiq edilmisdir. Miioyyon olunmusdur ki, DQT-nin suda bir faizli mohlulu sathi-foal
xassosini  Oziindo saxlayir vo onun hopma proseslorinds totbigi mogsodouygundur. Hoamginin,
gostorilmisdir ki, toklif edilon mohlul gilin sismoasine tasir edorok onu azaldir vo neftin sixisdirilma
omsalini kifayat godar artirir.
Acar sozlor:  masamali miihit, kegiricilik, sixigdirma omsali, lay, kapilyar tozyiq, eksperimental qurgu.
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AHHOTAIUA

B crarbe uccnenyercs BiusiHUE qu3enbHO-1enodHoro otxoxa (JAI1O) B Boxe Ha mporecc Kamui-
JSIpHOH MponuTKU. B n1abopaTopHBIX yCIOBUAX Ha CHELUAIBHON YCTaHOBKE OB IPOBEICH PsA SKCIIEpU-
MEHTOB. BBIJIO HCCIIeIOBaHO BIHMSIHUME KAMWLIBIPHBIX CHJI HAa MPOIECC KAMWLISIPHON MPOIUTKU IyTEM CO-
3[aHMs] BHYTPU YCTAHOBKHU MOPUCTOM Cpebl U3 pa3iuYHbIX (Qpakiuii mecka u TIHHBL. Y CTAHOBICHO, YTO
onHomnpoueHTHbI pactBop JALLIO B Boje coxpaHseT cBoe MOBEPXHOCTHO-aKTMBHOE CBOMCTBO M IIEJIECO-
00pa3Ho ero MpUMEHEHHE B Mpoleccax KamWUIpHOW MponuTky. Takke ObUIO TIOKa3aHo, YTO Tpejiarae-
MBI PacTBOp, BO3JCHCTBYS Ha HaOyXaHHE TJIMHBI, YMEHBIIACT €€ U B JIOCTATOYHOW Mepe YBEIUYMBACT
kod(urment cxarus HeTH.

KiioueBble ciioBa: HOpUCTas cpefa, MPOHUIAEMOCTh, KO3D(MHUIMEHT CKATHUSI, TUIACT, KANUIUIIPHOES
JIaBJICHHE, SKCIICPUMEHTAIIbHAS YCTaHOBKA.
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Giris

Molumdur ki, neftli mohsuldar laylar
¢ox kigik Ol¢iilora malik kiilli migdarda mosa-
mo vo Kanallardan ibaratdir. Belo mosamali
kanallarda neft vo su fazalari1 sorhaddinds me-
niskdo qiymoti miioyyon hodd arasinda do-
yison kapilyar tozyiq yaranir va inkisaf edir.

Kapilyar tozyiglorin bels kigik giymaot-
lori yataglarin islonmasi zamani xarici to-
sirlor vasitosilo yaradilan tozyiglor forgi ilo
miigaisads ¢ox az goriina bilor. Lakin tocriiba
gostorir ki, bu kapilyar hadisalor iki maye mii-
hitin sarhaddinds bas veron sathi gorilmo ilo
olagodardir va bels hallarda maye sothinin oy-
riliyi naticasinds sathi gorilmo qiivvasinin sat-
ha toxunan istigamatdoki toplanani hesabina
kapilyar tozyiq yaranir ki, onun da islatma vo
hopma proseslarina tasiri kifayat qadardir [1].

Lay soraitinds bu daxili kapilyar qiivve-
lor ¢ox mohdud hocmli sahoads su-neft ayricin-
da lokallasmisdir va onlarin qradiyentlori xari-
ci tosir vasitosilo yaradilan qradiyentlordon
xeyli yiiksok ola bilor. Bununla da layda nef-
tin su ilo sixigdirilmasinda kapilyar qiivvalarin
tasirinin boyiik oldugu tasdiglanir. Goriindiyii
kimi, sanki bu daxili qiivvalor layda iki garis-
mayan mayenin siiziilmo prosesini nozaratdo
saxlayir vo layin biitiin sulasma gostaricilari-
nin cari vo son Qiymatlorini miioyyon edir.
Ona gora do sulagsma vo mohsuldar laylarin
neftveriminin yiiksoldilmoasi proseslorinds ka-
pilyar hadisalorin rolunu aydimnlagdirmadan
neft yataglarinin igslonmasinin samaraliliyinin
artirllmasini vo tothiq edilon texnologiyalarin
tokmillosdirilmasini
deyildir.

Lay soraitindo vo mosamoli miihitds
hopma zamani garigmayan mayelorin siiziilma
proseslorinds kapilyar qiivvalorin tasirinin va-
cib rolu hagqmnda bir ¢ox miislliflorin islori
molumdur [2-6]. Bu miolliflorin goldiyi timu-

osaslandirmaq  diizgiin
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mi gonast ondan ibaratdir ki, laylardan nefti
sixigdirarkon hoayata kegirilon sulagsma prosesi
zamani yiiksok noticonin aldo edilmomasinin
baslica sababi sixisdiran vo sixisdirilan maye-
larin bir-birina garismamasidir. Bunun da nati-
casinds bu mayelar arasinda ayirici soth yara-
nir vo burada malum kapilyar hadisalor bas
Verir.

Aparilan ¢oxsayli tadgigatlar naticasinda
miloyyon edilmisdir Ki, laylarda bas veron
mikrohadisolori nazora almadan neftvermo
masalalorini dyronmok sohv naticalorin alin-
masina gotirib ¢ixarir. Homginin, laylarin su-
lasmas1 zaman1 kapilyar proseslor bas veran
miihitin strukturunun vas Xarakteristikasinin
oyranilmasi do mithiim ohomiyyat kasb edir.
Kapilyar hopma prosesi va iimumiyyatls az is-
ladan maye ilo ¢ox isladan mayenin sixisddi-
rilmasi — bu proses ayri-ayri moasamoli kanal-
larda menisklorin birlosmis sokildo harokatini
oks etdirir. Buna goro do mosamsli miihitin
mikrostrukturunu diizgiin tosovviir etmoadon
kapilyar proseslorin rolunu aydinlagdirmaq
xeyli ¢atindir.

Eyni zamanda, geyd etmok lazimdir ki,
yuxarida gostarilon islordo kapilyar hadisalor
bas veron masamoli miihiti toskil edon granu-
lometrik torkibin kapilyar hadisalorlo bagh
proseslors tasirine ¢cox az digqat yetirilmisdir.

Isin magsadi

Laboratoriya soraitinda aparilan
eksperimental todqiqatlar noticosindo dizel-
golovi tullantisinin (DQT) suda mohlulunun
kapilyarr hopma prosesina tasirinin Gyranil-
mosidir.

Masalonin qoyulusu

Kapilyar hadisalorin hopma proseslarina
tosirini dyronmok mogsadilo bir sira genis
miqyaslh eksperimental todqiqat islori aparil-
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misdir. Yerina yetirilon todgiqat islorinin ge-
disinds iki istigamato xiisusi diqqet yetirilmis-
dir: birincisi — su+DQT qarisiginin kapilyar
hadisalara tasiri dyranilmis, ikincisi — eksperi-
mental todqigatlar xalis qumdan togkil edilmis
masamoli miihitlo yanasi, paralel olarag qum-
gil ganisigindan togkil olunmus mosamoli
miihtds do apariimisdar.

Eksperimental qurgunun yaradilmasi va
tadgigatlarin aparilmasi

Bunun tg¢iin xiisusi, kifayst gador sado
eksperimental qurgu hazirlanmis vo onun da-
xilindo miixtalif fraksiyalardan toskil olunmus
masamali miihit yaradilmisdir. Soffaf pleksig-
las materialdan hazirlanmis eksperimental
qurgunun saquli kasilisinin sxemi sokil 1-do
gostorilmisdir.

Eksperimental qurgu 6l¢ii silindrindon
(menzurkadan) 1, silindrik gabdan (niimuns-
don) 7, onun daxilinds yerlogdirilmis mosamo-
li miihitdon 8, sistemdos hermetikliyi tomin et-
moak ti¢iin bir-birina boltlar vasitasilo kip bag-
lanmis yuxari 4 vo agagi 12 flonslordon, yuxari
6 vo asag1 9 soffaf saybalardan, rezin kiplagdi-
ricilordon 5,11, homg¢inin moSamoli miihitin
kegiriciliyini toyin etmok {igiin dolikdon 10
ibaratdir.

Eksperimentlarin aparilmasi ii¢iin vacib
sartlordon biri mosamoli miihitin hazirlanmasi
vo onun dsas parametrlorinin toyin edilmosidir.
Bu mogsadlo, imumon 8§ odod mosamali mii-
hit niimunalari hazirlanmis, onlarin havaya va
mayeyo goro kegiricikliklori, masamaliliklori
vo neftlodoyma kimi osas parametrlori toyin
edilmisdir.

Maoasamoali miihit niimunalarinin yarisi (4
adod) tomiz kvars qumundan, galan yaris1 iso
80% kvars qumu + 20 % gil garisigindan ha-
zirlanmigdir. Eyni zamanda 4 odod xarici dia-

63

metri silindrik gabin daxili diametrino uygun,
kegiriciliyi silindrik gabin daxilindoki mosa-
moli mihitin kegiriciliyindon bir gadar kigik,
2-3 mm galinliga malik, torkibi qum-gil mate-
rialindan ibarat dairavi gqapaq hazirlanaraq tot-
biq edilmisdir. Bu gapaglardan istifado edil-
moasi masamoali miihitin daxilinds, gapali mii-
hitds gedon sismo prosesinin eksperimentlarin
naticaloring  tasirinin - Gyranilmasi  moagsadi
dasimigdir.

Eksperimentlarin yaris1 qapagsiz, digor
yarist iso gapaq totbiq etmoklo aparilmisdir.
Niimunolorin 6lgiilorak toyin edilmis para-
metrlarinin giymatlari cadval 1-ds verilmisdir.

= X X T [ = XK =X

1 — 6l¢ii silindri; 2 — neft; 3 —su;
4 — yuxar1 tobago flansi;
5 — rezin barkidici; 6 — yuxari soffaf sayba;
7— silindrik gab; 8 — masamsli miihit;
9 — asag soffaf sayba; 10 — kegiriciliyi
6lgmok tigiin dalik; 11 — rezin sayba;
12 — asag1 tobogpo flonsi.

Sokil 1 — Eksperimental qurgunun saquli kosiliginin
sxemi

Figure 1 — The scheme of vertical cutting of the exper-
imental installation
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Cadval 1 - Moasamoli miihitlorin asas parametr-

lorinin gostaricilori

Table 1 - The indicators of the main parameters of
orous media

Kvars qumu

Hggzla Mggza MQ-S?.mQ- Neftlo
Ne |keciricilik,| kegiricilik, ";)k' dcgn”;a'

1012 M2 102 m2
1 2.56 191 39.5 30.6
2 2.70 1.90 39.1 311
3 2.65 1.88 38.5 315
4 2.68 1.82 39.0 30.6

80 % kvars qumu + 20 % gil

5 0.94 0.89 39.1 32.8
6 0.98 0.87 38.1 325
7 1.09 0.95 42.8 31.9
8 1.02 0.94 41.9 32.2

Cadval 1-in molumatlarindan goriiniir ki,
silindrik gabin vo moasamali miihiti togkil edon
kvars qumunun hacmlorinin eyni olmasina
baxmayaraq tomiz kvars qumundan hazirlan-
mig nimunalarin mayeys gora keciriciliyi on-
larin havaya goro kegiriciliyinden 25-30 % az-
dir, lakin moasamolilik vo neftlodoyma para-
metrlori demak olar ki, eynidir.
80% kvars qumu+20% qil

hazirlanmis

garisigin-
dan hava
vo mayeya gora kegiriciliklor arasinda demok
olar ki, forq yoxdur, bununla bels onlarin da
mosamolilik vo neftlodoyma gostoricilori do-
yismoz qalir. Qeyd edok ki, tomiz kvars qu-
mundan hazirlanmis niimunalarin havaya go-
ro kegiriciliklori gil ilo gqarisiq qumdan hazir-
lanmis niimunalorin havaya gora kegiriciliyin-
don iki dofa goxdur.

nimunalaorda  is2
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Silindrik gab 7 mosamali miihitls 8 bir-
likdo 4 vo 12 flonslori arasinda yerlosdirilir,
sistemi kip saxlamaq mogsadils flonslar boltla
bir-birino moéhkom barkidilir, hom do yuxari
flonso 06lgl xatlorino malik menzurka 1 birlos-
dirilir. Ol¢ii menzurkasina lazimi soviyyada is-
ladan maye (su va ya su+DQT qarisig1) tokii-
lir va islatmayan maye (neft) ilo doydurulmus
mosamoli miihit arasinda tomas yarandigda
oks istigamatli kapilyar hopma prosesi basla-
yir. Belalikls, su (su+DQT) isladan faza kimi,
masamoli miihita sorulur, neft iso islatmayan
faza kimi aciq sothdon ¢ixarag menzurkada
yigilmaga baslayir vo zamandan asili olaraq
vaxtasiri olguliir.

Pleksiglas materialindan hazirlanmis
soffaf silindrik gab eksperimental todgigatla-
rin gedisini vizual (g6zlo) izlomays imkan ve-
rir. Oks istigamotli kapilyar hopma iizro apari-
lan eksperimentlor zamani vizual miisahidolor
gostormisdir Ki, qarsiligh istigamotlordo hor
iki fazanin siiziilmasi biitiin kasilis boyu boara-
bar 6l¢iide gedir vo har faza masamali kanal-
larda 6z sistemi ilo harokot edir.

Eksperimentlor aparilarkon mosamali
miihiti doydurmag ii¢iin Paigiq Pilpilssi ya-
taginin Xxam rezervuar neftindon istifads olun-
musdur. Ik &nca onun fiziki-kimyavi va struk-
tur xassalori tadqiq edilmisdir.

Sokil 2-do istifado olunan neftin geyri-
nytiton xarakteristikasini oks etdiron parametr-
larin kapilyar viskozimetr vasitasilo toyin edil-
mis giymotlorinin temperaturdan asili olaraq
doyismo dinamikas1 gostorilmisdir. Sokil 2-
don goriiniir Ki, temperaturun artmasi ilo nef-
tin OzIliliyi vo baslangic siiriisma gorginliyi
intensiv azalir vo bu azalma oyrixatli ~ xarak-
ter dasiyir. Homginin, 25-26 °C tempera-
turda bu parametrlorin giymatlorindon ay-



Azarbaycan Miihandislik Akademiyasinin Xabarlori
2023, cild 15, M 4, s. 60-69
Haciyev H.Q., Valiyev N.A.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 4, pp. 60-69
Hajiyev H.G., Valiyev N.A.

din olur ki, istifado edilon neft géstarilon tem-
peraturda geyri-nyiiton xarakterini saxlayir va
bu quymatlar miivafig olarag n=20.7 mPa.s va
10=82.4 Pa togkil edir. Qeyd edok ki, biitiin
sonraki tacriibalor temperaturun mohz yuxari-
da gostarilon qiymatinds aparilmigdir.

N 120
mPa-s
o P30 | S
80 \X
60
N
40 \ AN
20 - ™~
\ —
0 . T,
0 20 40 60 80 100
t, °C

Sokil 2 — istifado olunan neftin reoloji xarakteristika-
siin temperaturdan asililig

Figure 2 — The temperature dependence of the rheolog-
ical characteristic of the oil used

ViV

1-su ilo sixisdirma; 2-su+DQT garisidi ilo sixisdirma
(Kvars qumu+20% gildon ibarat masamoli miihit)

Sokil 3 — Qapaq olmayan halda sixigdirma omsalinin
zamandan asililig1

Figure 3 — Time dependence of the compression coef-
ficient in the non-cap
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Isladan faza mayesi kimi sirin sudan vo
DQT-nin suda mohlulundan istifado edilmis-
dir. Suda DQT-nin konsentrasiyas1 1% toskil
etmisdir [7].

Belaliklo, su+DQT qarisiginin kapilyar
hopma prosesino tosirini giymatlondirmok
moagqsadila silsilo eksperimentlor aparilmisdir.
Bu tacriibalor iki moarhals lizra yerina yetiril-
misdir.

Birinci morholods ovvoalco ancaq xalis
kvars qgumundan toskil olunmus mosamali

miihitdo su+DQT garisiginin kapilyar
hopma prosesins tasiri todqig edilmisdir. Bu
moagsadls neftlo doydurulmus iki ciit mosamali
miihit niimunasi hazirlanmis, eyni soraitds adi
su vo sutDQT qarisigi ilo oksaxinlt kapilyar
hopma prosesino baxilmigdir. Alinmis malu-
matlar V1/V nisbati (burada: V1 — neftin 6l¢iil-
miis cari hacmi; V — iso moasamoli miihitds
doymus neftin imumi hacmidir) soklindoa is-
lonmis vo onun zamandan asililigi V1/V = f (t)
qurulmusdur (sokil 3). V1/VV — nisbati faktiki
olaraq todgigat aparilan mosamoli miihitin
neftsixigdirma omsalidir vo kapilyar hopma
prosesi zamani SU+DQT garisiginin  totbiqi-
nin somaraliliyinin miioyyan edilmosindo mii-
him rol oynayan osas parametrdir. Sonra
eksperimentlor 80% kvars qumu+20% gil-
don toskil olunmus mosamali miihitdo apa-
rilmigdir.  Alinmis naticalor gokil 4-do gosto-
rilmisdir. Qeyd etmok lazimdir ki, biitiin bu
seriyalarda tocriibalor silindrik gabin yuxari
hissasindo qapaq goyulmamis soraitdo yerino
yetirilmis, bels Ki, yuxar1 hisss agiq saxlanil-
magla gil garisig1 olan masamali miihitds gilin
hom adi su, hom do su+DQT qarisig1 ilo kon-
taktda olan zaman sorbast sismosing sorait ya-
radilmisdir.
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Sakil 4 — Qapaq olmayan halda sixigdirma amsalinin
zamandan asililig1

Figure 4 — Time dependence of the compression coef-
ficient in the non-cap

ViV
09
0.8
0.7
0.6
0.5
04
03
02
0.1

0 20 40 60 80 100 120 140 160 180 200
T, saat
1-su ilo sixisdirma; 2-su+DQT garisidi ilo sixigdirma
(Kvars qumundan ibarst mesamali miihit)

Sakil 5 — Qapagqla ortiilmiis halda sixigdirma amsalinin
zamandan asililig1
Fiqure 5 — The dependence of the compression coeffi-

cient on time while covered with a cap

Ikinci seriya oxsar tocriibolor do xalis

kvars qumundan vo homginin, 20% gil
gatilmis qumdan hazirlanmis  mosamoali
miihitdo aparilmisdir. Forglondirici  cohot
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yalniz ondan ibarat olmusdur ki, bu dofa biitlin
hallarda mosamoli miihitin {ist hissasi qum
materialindan hazirlanmig mosamoli gapaqla
Ortilmisdiir.

Qapagq su ilo kontakt zaman1 masamali
miihitin hocminin genislonmasina vo saviy-
yoni sorbast $ismasing
imkan vermomisdir, belo soraitdo sismo
prosesi moasamoali mihitin daxilinds bag
vermisdir. Alinmis noticolora osason sokil 5
vo 6-da gostorilon asililiglar qurulmusdur.

Gorlindiyli  kimi, biitiin  hallarda
(sokil 3-6) su+DQT qarisig1 kapilyar hopma
soraitinin yaxsilagsmasina gotirib ¢ixarir.

yasinin qalxmasina,

0-7 L] Ll L) L} I L) L Ll L
v, . HEPRY . Wt H :
e P go P i 2
06 : D R T R R S dereeed
Pl S T 55
() S S S ¥~'¢9«J—“"_ ...... e
04 25 i.../.'s: ............. §. ...... Josssee g ...... Leevnnes Seranes pronee -
7Y i : :
034-{-/ Peeeans Joesased fossess peanens fecssas Jeneeas Lsssasss $ossans $essas -
[/ O S Beasensisnasaedesrensdroasaiieresedareas N
01 .2 ............. . ......................................... -
I A T S S A O
20 40 60 8 100 120 140 160 180 200
T,saz

1-su ilo sixigsdirma; 2-su+DQT garisigi ilo sixigdirma
(Kvars qumu+20% gildan ibarat masamsli miihit

Sakil 6 - Qapaqla ortiilmiis halda sixigdirma amsalinin
zamandan asilihig1

Figure 6 - The dependence of the compression coeffi-
cient on time while covered with a cap

Mbolumatlarin emali vo miizakirasi

Gostorilon  grafiklor timumi sokildo
asagidaki tonlikls ifads oluna bilor [8]:
y=a(l-e™) @
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Molumatlarin [8]-do verilmis metodika-
ya osason islonmosi noticosindo a vo b
omsallarinin giymotlori miisyyon edilmis vo
codval 2-ds yerlosdirilmisdir.

Cadval 2-Sabit omsallarin vo Xatanin qiymatlori
Table 2-Values of fixed coefficients and error

S;;a a b 0
1 0.73 - 0.0394 0.0223
2 0.93 - 0.0526 0.0457
3 0.53 - 0.0667 0.0325
4 0.66 - 0.0769 0.0417
5 0.71 - 0.0625 0.0278
6 0.86 -0.0588 0.0460
7 0.69 - 0.0909 0.0208
8 0.84 - 0.1250 0.0356

Homginin, codval 2-nin son siitununda
verilon orta kvadratik xstanin 6 hesablanmasi

asagida verilmis (2) ifadesi ilo hoyata
kecirilmisdir:
18 ?
8= [=>Iy; —y(x)] 2
)
Aparilan  biitlin  tocriibslor zamani

su+tDQT qansi@inin  kapilyar hopma pro-
seslorindo totbiq edilmosinin somaraliliyini
giymatlondirmok tiglin cadval 3 tortib edilmis-
dir.

Cadval 3-do verilon malumatlarin tohlili
gostarir ki, eksperimentlor iist aragatsiz apari-
lan zaman, yoni mosamali miihit sorbast sismo
imkanina malik olduqda, su+DQT garisigr ila
sixigdirma xalis kvars qumundan hazirlanmis
mosamali mubhitin neftveriminin 20%, torki-
binds gil olan masamali miihitin neftveriminin
iso 15% artmasina sobab olmusdur. Bununla
yanasi, samaranin arttmi uygun olaraq 27 %
va 22 % toskil etmisdir.
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Eksperimentlor [9] Gst aragatin istiraki
ilo aparildiqda iss, yoni sismo moSamali
miihitin daxilinds getdikds, su+DQT qarisigi-
nin totbiqi naticasinds neftveriminin artimi xa-
lis kvars qumundan va 20 % gil gatilmis qum-
dan hazirlanmig mosamali mihitlor {iglin
uygun olaraq 12% vo 14% toskil etmisdir. Bu
halda somaranin artimi — 17% va 26%-2 bara-
bar olmusdur.

Gostarilon soraitdo prosesin davam etma
middatinin su+DQT garisiginin totbiginin so-
moraliliyino tosiri todqiq edilmisdir. Malum
olmusdur ki, kapilyar hopma prosesinin da-
vam etmo miiddatinin 140 saatdan 280 saata
gador uzanmasi naticasinda gatqisiz kvars qu-
mundan togkil olunmus mosamali miihitin
neftverimi comi 2% artir, lakin gil gatilmisg
qumdan hazirlanmis moasamoli miihit {glin
bu roqom 7% toskil edir. Bununla yanasi, so-
maranin artimi uygun olaraq 19% vo 38% olur
ki, bu da vaxt uzadildigdan sonra gil gatqili
masamoli miithitdo samoranin 19% artmasi de-
mokdir.

Bu hadiso qapaq tothiq etdikdo DQT-
nin suda moahlulunun tasiri naticasinds gil ga-
ris1iq masamali miihitin daxilinds gedan sismo
prosesinin intensivliyinin azalmas: vo miioy-
yon miiddotdon sonra stabillosmoasi ilo izah
edilo bilar.

Beloliklo, alinan noticolor DQT-nin
gostarilon konsentrasiyada suda moahlulunun
quyularda amoalo golmis qum tixacinin yuyul-
mas1 {igiin totbiq edilmasinin miimkiinliytini
tasdiq edir.

Bu zaman qumun yuyulma prosesinin
somaraliliyinin artmasi ilo yanasi, Yyuyucu
mohlulun laya daxil olmasi quyunun monim-
sanilmasi va sonraki normal is rejimi {igiin to-
sirli fosad toratmayacakdir.
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Natica

Dizel-golovi tullantisinin  suda mohlu-
lunun kapilyar hopma prosesino tosiri todqiq
edilmisdir. Gostorilmisdir ki, DQT-nin suda
bir faizlik mohlulu onun sothi-foal xassssini
0ziindo saxlayir.

Xalis kvars qumundan vo ona 20 %
olavo olunmus gildon ibarat masamali miihitdo
aparilan miiqaisali todqiqatlar noticosindo
miioyyon edilmisdir ki, hopma prosesi zamani
DQT-nin 1 %-lik mohlulunu totbiq etmoklo
sixigdirma omsalim1 15-20 % artirmaq miim-
kiindiir.

Eyni zamanda gilli moesamoali miihitdo
sismonin kapilyar hopma prosesina tasiri dyra-
nilmisdir. Sigsmonin sorbost getmoasi ilo yanast,
onun moasamoli miihit daxilindo getmasina go-
rait yaradilms1 mogsadilo eksperimental qurgu-
nun cixisinda qapaq totbiq edilmis vo alinan
naticolordon moalum olunmusdur ki, belo so-

raitdkc DQT  mohlulunun daha

samaralidir.

tatbiqi

Vaxtin tosirini dyronmok ii¢iin  ekspe-
rimentlor basa catdiqdan sonra proses sorbost
buraxilmis, 140 saatdan sonra iso Olgiilor ye-
nidon geyde alinmigdir. Molum olmusdur ki,
vaxti iki dofo uzatdigda qapaqla ortiilmis hal-
da hopma zamani xalis qumdan hazirlanmig
mosamali miihitde sixigdirma omsalinin artimi
comi 2% toskil etmis, ancaq gil qarisiq mo-
samoali mithitds bu artim 7 %, samoranin artimi
iso miivafiq olaraq 2 % vo 12% olmusdur ki,
bu da DQT mohlulunun gilin sismosino tasiri
ilo alagodardir.

Maraqlar miinaqisosi

Miislliflor bu moqalads arasdirilmast to-
lob olunan maraqlar miinaqisesinin olmadigini
geyd edirlar.
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Abstract

The article examines the subharmonic current method that protects the stator winding of the
generator from ground faults. In the protection scheme based on the subharmonic current, the criteria of
the subharmonic current angle ensure the high sensitivity of the relay protection. In modern
microprocessor-based relay protection systems, more reliable and stable protection can be ensured by
taking into account subharmonic currents.

Keywords: generator protection, stator winding, subharmonic currents, short circuits.

DOI: 10.52171/2076-0515_2023 15 04_70 76

Received 11.04.2023
Revised 13.12.2023
Accepted 20.12.2023
For citation:

Huseynov E.N., Abbasov R.M., Huseynov F.H.
[The Protection of Generator Stator Windings by Means of Subharmonic Current Method]
Herald of the Azerbaijan Engineering Academy, 2023, vol. 15, no. 4, pp. 70-76 (in Azerbaijani)

70



Azorbaycan Miihandislik Akademiyasinin Xabarlori Herald of the Azerbaijan Engineering Academy
2023, cild 15, Me 4, s. 70-76 2023, vol. 15, no. 4, pp. 70-76
Hiiseynov E.N., Abbasov R.M., Hiiseynov F.H. Huseynov E.N., Abbasov R.M. , Huseynov F.H.

Subharmonik carayanlar metodu vasitasila generatorun stator
dolaginin miihafizasinin qurulmasi
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Xiilasa

Mogalads generatorun stator dolagini yerlo qapanmalardan miihafizo edon subharmonik carayan
metodundan bshs edilir. Subharmonik corayan osasinda qurulmus miihafizo sxeminds subharmonik
Caroyan bucaginin meyarlari rele mithafizosinin yiiksok hassasligini tomin edir. Miiasir mikroprosessorlu
rele mehafizasi sistemlorindo subharmonik coroyanlarin nozoro alinmasiyla daha etibarli vo dayaniglt
miihafizoni tomin etmok olar.

Acgar sozlor:  generatorun miihafizasi, stator dolagi, subharmonik coroayanlar, qisa qapanmalar.
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3amurTa 00MOTOK CTATOPAa reHepaTopa MeToA0M CyOrapMOHM4Y€eCKHX
TOKOB

E.H. I'yceiinos’, P.M. A66acos?, ®.X. I'yceiinon?

YUsepbatioocancruii 2ocyoapcmsennviil ynueepcumem negpmu u npomviunennocmu (np. Azaonwie, 16/21,
baxy, AZ1010, Azepbatioxcan)

Asepbationcanckaas Hayuonanvnas asuayuonnas axademus (np. Mapoaxan, 30, Baxy, AZI1045,
Asepbaiioscan)

Juis nepenucku:
I'yceitno ®apun / e-mail: huseynovferid17525257@gmail.com

AHHOTAIUA

B cratbe paccmarpuBaercs MeTOJ CyOrapMOHHYECKHX TOKOB, 3allUILAIOIINI OOMOTKY cTaropa
reHepaTropa OT 3aMBIKaHWN Ha 3eMii0. B cxeme 3amuTel Mo CyOrapMOHHYECKOMY TOKY KPHUTEPHH yTia
CyOTapMOHHYECKOTO TOKa O00ECHEeYMBAIOT BBICOKYIO YYBCTBHUTEJNBHOCTh pesieiiHON 3amurtel. B
COBPEMEHHBIX MUKPOIPOLIECCOPHBIX CHCTEMaX peseiHON 3aluThI OoJsiee HalekKHast U yCTONYMBas 3aluTa
MOJeT ObITh 00ecTeueHa 3a CUeT yueTa CyOrapMOHHYECKHX TOKOB.

KnawueBble cioBa: 3amura TeHepaTopa, OOMOTKa CcTaropa, CyOrapMOHHYECKHE TOKH, KOPOTKHE
3aMbIKAHUS.
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Giris

Elektrik enerjisini istehsal edan stansiya-
larda istismar olunan generatorlarda miixtolif
nov zodoalonmoalor vo geyri-normal rejimlor
omalo golo bilor. Generatorun stator vo rotor
dolaglarinda bas vera bilacok zodolonmalari
asagidaki novlora ayirmaq olar: generatorun
stator dolaginda fazalararas1 qisa gapanmalar;
generatorun stator dolagmin bir fazasinda
sargilararasi gapanmast; neytrali torpag-
lanmis generatorunda stator dolaginin bir faza-
smin yerlo vo ya govdo ilo gapanmasi; genera-
torun rotor dolagmin bir va iki noqtads yerlo
gapanmasi. Generatorun geyri-normal rejimlo-
rina iso asagidakilar aiddir: xarici qisa gapan-
malar zamani generatordan ifrat corayanin
kegmasi; simmetrik vo geyri-simmetrik artiq
yiiklanmalor.

Qeyd edildiyi kimi, qisa gapanmanin bas
verdiyi halda generator rele miihafizasi va sis-
tem avtomatikasi torafindon miimkiin qodor tez
sobokadan agilmalidir. Qeyri-normal rejimlarin
yaranmasi halinda miihafizo qurgusu xabarda-
redici signala islomolidir ki, texniki personal
torafindon normal is rejiminin borpa olunmasi
tictin lazimi tadbirlor goriilsiin [1, 3-5].

Masalanin qoyulusu

Boyiik giiclii generatorlarin bir fazasinin
yerlo gapanmasi zadalonmonin inkisafina va
masinin daha agir zodslonmasina sabab olur.
Ononavi sifir ardicilliql coroyan miihafizalori-
nin ¢atismayan cahati ondan ibaratdir ki, qisa
gapanmanin neytrala yaxin néqtssinds bas ver-
diyi halda gapanmis sargilarin say1 kigik olur,
bu da mihafizo torofindon shato olunmayan
geyri-hassas (“61i”) zonasinin amala goalmasi-
no gotirib ¢ixarir. Bu problemi aradan galdir-
mag {i¢tin subharmonik corayanlar metodun-
dan istifads olunur.
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Masalanin halli

Subharmonik gorginlik (adston 25 Hs
tezliyinda) generatorun torpaglama elementi
(rezistor, paylayici1 transformator vo ya reak-
tor) ilo yer arasindaki araliq transformatoru va-
sitosilo otiiriiliir. Miihafizonin i prinsipi stato-
run yerlo gapanmasi zamani &tiirtilon subhar-
monik caroyanin 6lgiilmasine osaslanir. Qoza
bas veran andan statorla yer arasinda tam mii-
gavimot doyisdiyindon subharmonik miihafizo
sxemi subharmonik corayanin bu doayismasini
askar edir, generatorun agilmasina signal verir.

Normal rejimdo &tiiriilon subharmonik
corayan yerlo olan migavimatlo (rezistor,
reaktor v s) mohdudlasdirilir. Bu halda stator
dolaginin induktivliyi kicik olduguna goro no-
Zors alinmur.

Yerlo qisa gapanma bas verdikds, gapan-
ma miigavimoti ekvivalent tutum migavimati
ilo paralel olaraq qosulur. Belaliklo, subharmo-
nik corayanin mohdudlasdiran tam miigavimot
azalir, bu da coroyanin artmasina gotirib ¢ixa-
rir. Belaliklo, sxemin is prinsipi subharmonik
carayanin bu doyigsmolorine asaslanir (sokil 1).

Subharmonik signalinin tezliyi 25 Hs ol-
duguna gors statorun tutum miigavimatini ar-
tir, bu da sxemin hassasliginin artirilmasina
gotirib ¢ixarir.

Generator
Transformator

E

— Acgar

[

AL

AL

YL

Reazistor

Qondarma /\
carayani
AN 25 Hz
\,

Arahg Manba

transformator

Sakil 1 — Subharmonik carayanlar metodu ssasinda islo-
yan sxem

Figure 1 — The scheme works on the basis of the met-
hod of subharmonic currents
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Neytrali effektiv torpaglanmas: ilo islo-
yan generatoru torpaglamaq tigiin rezistordan
istifados olunur. Subharmonik goarginlik torpag-
lama rezistoru ilo yer arasinda yerloson araliq
transformatoru vasitasilo 6tiiriiliir. Otiiriilon
carayan transformatorun ikinci torof dolaginda
olgiliir [2-6].

z qon
ACJO E 25 Hz
I gon =~

Soakil 2 — Sadologdirilmis ekvivalent sxemi
Figure 2 — Simplified equivalent circuit

Ra

] | —

L T |

Qondarma
carayam

Araliq transformatoru vo otiirilmo dov-
rasinin biitiin elementlori (signal kontrollerlari,
test dovralari va s.) tam qondarma miigavimati
ilo ovoz olunacaqdir (Zgn = Rgon + jXgon)-
Ona goro do 25 Hs tezlikli gorginlik manbayi
(Eqon) transformasiya omsalindan istifado et-
moklo transformatorun generator tarafino kegi-
rilir. Subharmonik monbayin daxili miigavi-
moti do homginin transformatorun generator
torafina kegoacok vo tam gondarma miigavimo-
tino daxil edilocok (Z4,,,). Sokil 2-da generato-
run vo sistemin ekvivalent sxemi gostorilibdir.

lent tutumu; Zg,, = 36 + j125 — tam gondar-
ma miigqavimati; Eg,, = 56 V — subharmonik
gondarma EHQ-si; Rn — neytralin aktiv miiga-
vimoti; Rf — q1sa gapanma miigavimati.

Oncoliklo goza olmadig: normal is reji-
minda subharmonik corayana baxag.

[ = qun
Zqon + Rn + Zc ekv
Otiiriilmo  dévroesinin - miigavimatinin,

torpaglama rezistoru veo torpagla com tutumun
giymatlori molum oldugda goza olmayan hal
ticlin carayanin qiymatini tapmaq miimkiindiir.
Lyorm = 0.0088¢778°

Qoza olmayan halda yerls tutum miiga-
vimati ¢ox boylik oldugundan carayan c¢ox
kigikdir. Bu boytik tutumun tesirindon hamin
corayanin bucagi 90°-ys yaxindir. Yerlo ga-
panma bas verdikdo subharmonik caroyani
mohdudlasdiran miiqavimot doyisir. Noticada
subharmonik caroyan iki coroyana bdliiniir:
kondensatordan axan carayan vo (oza miigavi-
motindo axan corayana. 2-ci tonlik goza prose-
sinda com subharmonik carayani ifado edir.

E
_ _ qon
lyap = 1o + Ipp = Ze ooRs
Zgon t Ry + 7—F5
Zc ekv + Rf
Molum olan qiymatlori yerino qoyub

Burada Cew = 2.035 mkF — sistemin ekviva- Nesablasaq:
56
Igap =
12ag 4 S9150049R, | 6257R}
RZ + 39150049 '/ , 6257R?

Qoza coroyan1 qoza miigavimatindan
asilidir. Subharmonik coroyanin qiymatlorini
analiz etmok {igiin MATLAB programindan
istifada olunur.
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R —
f R;=39150049

Oncoliklo qisa gapanma miigavimati
R¢=1kOm oldugunu gobul edok vo subharmo-
nik carayanda na bas verdiyina baxaq (sakil 3).
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Sokil 3 — Subharmonik corayanin deyismasi
Figure 3 — Subharmonic current variation

Birinci gora bilocoyimiz budur ki, t=1
san-do subharmonik corayan gofloton doyisir.
Birinci saniya orzindo coroyanin qiymoti 9
mMA-5 yaxin olur, lakin t=1 san-don sonra
Corayanin qiymoati toxminon 25 mA-o qodar
artir.  GOriindiiyi  kimi, statorun  yerlo
gapanmasi bas verdikds Coroyan 6z qiymatini
doyisir. Ustalik, oger coroyamin oyrisine
diggatlo baxsaq gorarik Ki, t=1 san otrafinda
yerlo gapanma (gozasi bas verdikdo Coroyanin
homginin bucagi da doyisir. Belaliklo, biitiin
bunlardan alinir ki, statorun yerlo gapanmasi
bag verdikdo subharmonik coroyan hom
giymot hom faza baximindan doyisir (sokil 4
Vo 5). Goriindiiyii kimi, qisa qapanma carayani
normal rejimdoaki coroyandan homisos boyiikdiir
(0-dan 12 kOm-a godor).

Homg¢inin bunu da gérmak olur ki, qisa
gapanma coroyanin qiymoti goza miigavimati
artdiqca azalir. Ry 8 kOm-dan bdyiik oldugda
qisa qapanma Vo normal rejimdoaki caroyanlar
arasndaki forq ¢ox kigikdir. Bir anlq, Ry = 8
kOm oldugda subharmonik coroyan 9.7 mA
olur, bu iso o demokdir ki, goza vo Qoza
olmayan hallar arasindaki carayan forqi comi
0.9 mA olur. Qaza coroyanini goza olmayan
haldaki coroyana borabarlogdiron goza aktiv
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miigavimoti  asagidaki  tonlikdon istifado
etmoklos tapila bilor.
lg=0.0088 A — Rf=15.9 kOm

159 kOm-dan daha yiiksok (Qoza
miiqavimatlori {iglin qisa qapanma carayaninin
giymoti goza olmayan haldaki coroyanin
giymatindon kigikdir. Ona gora do yiiksok
miigavimatli gozalar iiciin basqa bir metod
taptlmalidir.  Sokil 7-do  qisa gapanma
miigavimati 0-dan 12 kOm-a godar doyisdikdo

corayanin bucaginin doyismaosi gostorilmisdir.

0026

00241

0022+

00z2r

omsr

current (&)

0B

0014 +

ooizr

001

0.008
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Sakil 4 — Subharmonik carayanin amplitudasinin

doyismoasi

Figure 4 — Variation of the amplitude of the

subharmonic current
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Sakil 5 — Subharmonik carayanin fazasinin doyismasi

Figure 5 — Variation of the phase of subharmonic

current
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Sakil 6 — Subharmonik carayanin amplitudasinin qisa
gapanma miiqavimatinin giymatindon asililigt
Figure 6 — Dependence of the amplitude of the
subharmonic current on the value of the short-circuit
resistance
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Sakil 7 — Subharmonik carayanin fazasinin qisa
gapanma miigavimatinin giymatindon asilihig:

Figure 7 — Dependence of the phase of the subharmonic
current on the value of the short-circuit resistance
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Gortindiiyl kimi, subharmonik carayanin
fazas1 homiso Qoza olmayan haldaki coroyanin
bucagindan  kigikdir. Homginin  goza
miiqavimati artdigca subharmonik coroyaninin
fazas1 artir. R,=12 kOm olduqgda carayanimin
bucagi 52.07° olur, bu iso o demakdir ki, goza
Vo (oza olmayan hallar ii¢lin coroyanlar
fazalararas1 forqi 78.67-52.07=26.6°. Bu
fazalar forqi signal emali qurgu torafindon
asanligla askar oluna bilor vo bu iso 0
demoakdir ki, subharmonik carayanin bucaginin
tapilmasi qiymotinin tapilmasindan hassasliga

goro daha alverislidir [3, 7-11].

Qoza miigavimatlorin miixtalif qiymotlor
t¢clin  apartlmis  hesablamalarin  naticalori
codval 2-do gosterilmisdir.Goriindiiyti  kimi,
goza miigavimoati 30 kOm oldugu halda sub-
harmonik coroyanin fazasi 67.29° olur. Yani,
goza olmayan haldaki coroyan fazasi ilo forqi
11.38°-dir. Homginin bu qiymot do miihafizo
sistemi torafindon he¢ bir problem olmadan
askar oluna bilor. Beloaliklo, subharmonik mii-
hafizo sxemi statorun yerlo gapanma gozasini
subharmonik 6tiirtilon gorginliyin yaratdigi
carayanin doyismasilo agkar edos bilor.

Cadval 1 — Miixtelif qisa gapanma miiqavi-
moatlorine uygun olan subharmonik corayanin
fazalar

Table 1 — Phases of subharmonic current corres-
ponding to different short-circuit resistances

Qoza miigavimati (Om) Bucaq (°)
=0 -1.1933
2000 10.254
4000 23.642
6000 34.192
8000 41.99
10000 47.746
12000 52.074
14000 55.408
16000 58.036
18000 60.151
20000 61.886
22000 63.332
24000 64.554
26000 65.598
28000 66.502
30000 67.29
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Bir torofdon ogor sxem giymot doyis-
mosindon istifads etso statorun yerlo gapanma-
st yalniz miiayyan (oza miigavimatindo askar
oluna bilar. Yiiksok miigavimatli gozalar {igiin,
goza olmayan vo olan hallardaki coaroyanin
giymat doyismasi Kifayat godor boyiik olmur
ki, bu da sxemin hassasliq problemins gotirib
¢ixarir.
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Digar torafdon ogar sxem carayanin bu-
caq doyismasindan istifads etso hotta ¢ox yiik-
sok goza miigavimatlorinds belos statorun yerlos
gapanmast askar oluna bilor. Simulyasiyalar
gostorir ki, 30 kOm goza miigavimatlori miiay-
yan oluna bilor.

Natica

Beloliklo, generatorun stator dolagini
yerlo qisa gapanmalardan miihafizo edoan sub-
harmonik carayanlar metodunu totbiq etmaklo
asagidaki naticalori aliriq:

Subharmonik carayanlar metodu genera-
torun stator dolaginin 100% miihafzasini tomin

edir. Rele miihafizasinin qoyulmus parametrlos-
rinin subharmonik caroyanin amplitud giyms-
tino goro deyil, subharmonik carayanin fazasi-
na gors sazlanmalidir.

Subharmonik carayanlar metodu genera-
torun stator dolaglarini miigavimati R=30
kOm godar olan qisa gapanmalardan miihafizo
edir.

Maraglar miinaqisasi

Mialliflor bu magalods arasdirilmas: to-
lob olunan maraglar miinaqisesinin olmadigim
geyd edirlar.
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Abstract

One of the most important issues that need to be solved in the solar energy area is to get the
maximum possible energy during the day from panels that convert solar energy into electricity, depending
on the position of the sun in the sky. For that, it is proposed to ensure the falling sunray on the panels at
right angles by changing their position around two horizontal axes placed perpendicular to each other in
proportion to the current value of energy received from the solar panels. Controlling the position of the
panels in this way allows always get the maximum possible energy from the falling sunray, regardless of
the location on the Earth's surface, the seasons, and the hours of the day.

Keywords: solar beams, solar panels, electrical energy, measurement of power, maximum energy,
operating controllers.
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Giinas panellorinin energetik gostaricilorinin artirilmasina yeni
yanasma
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Xiilaso

Giinos energetikasinda holl olunmasi vacib masalolordon biri Giinosin somadaki mévqeyindon asilt
olaraq glinos enerjisini elektrik enerjisino ¢eviran panellordon giin orzindos daim maksimal miimkiin olan
enerji oldo etmokdir. Bunun tigiin giinas panellarindon alinan enerjinin cari giymotina miitonasib olaraq
stialarinin panellorin iizorine daim diiz bucaq altinda diismasini tomin etmoak toklif olunur. Panellorin
vaziyyastinin bu gaydada idaro edilmasi Yer sothindo yerlosdiklori mokandan, ilin mévsiimlarindon vo
giiniin saatlarindan asili olmayaraq giinos siialarindan daim maksimal miimkiin olan enerjini aldo etmok
imkan1 yaradir.

Acar sozlor:  gilinog siialar, gilinos panellori, elektrik enerjisi, giiciin 6lgiilmosi, maksimal enerji,
idaroedici kontrollerlor.
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AHHOTAIUA

B cratbe mpemmaraeTcss MeTON, KakK B 3aBUCHMOCTH OT TIPSIMOTO 3HAYCHHS ITOTYYECHHOM
ANEKTPUYECKON HSHEPrHMM HM3MEHSITHh TOJOXKCHHE COJHEUHBIX MaHeliel, NpeoOpa3yroliuX COJHEYHYIO
SHEPTHIO0 B DJIEKTPUIECKYIO: BOKPYT JIBYX PacCMOJIOKEHHBIX MEPIEHANKYISIPHO OTHOCHUTENBHO APYT IpyTa
TOPU3OHTANBHBIX OCEHl 0OecreunBaeTCs MaJCHNUE JIyYeH HA MOBEPXHOCTH MAHENEH MO MPSIMBIM YTJIOM,
OJyiarozapsi 4YeMmy IMOJIy4ar0T MaKCUMAJIEHO BO3MOXKHYIO HEPTHIO B TeUEHUE JTHS. Takoil MoaxoJ co3JaeT
BO3MOXXHOCTh HE3aBHCHMO OT UX TeorpadMuecKoro pacioioKeHHUsI HA MECTHOCTH, BPEMEHH T0/1a M CYTOK
MMOCTOSIHHO TI0JTy4aTh MaKCHMAJIbHO BO3MOXKHYIO SHEPTHIO OT Jry4eii ColHIa.

KaroueBble ciioBa: COJIHCYHBIC JIY4H, COJIHCYHBIC TIIAHCJIM, JJICKTPUYCCKAd OHEPrust, MU3MCPCHUC
MOIITHOCTH, MaKCHUMaJIbHas SHCPIrus, yIpaBJIAOINE KOHTPOJUICPHI.
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Introduction

There are various devices that can
convert solar energy into electricity with the
help of solar panels placed on stationary
supports [1]. One of the disadvantages of these
devices is that they can efficiently convert
energy in just one period of daylight (when the
sunrays fall on the panels at an angle of about
90°). Furthermore, it is impossible to take into
account the effect of changes in the trajectory
of the sun in the sky depending on. It is known
that the energy conversion efficiency of solar
panels in any place on Earth depends on the
current position of the sun in the sky (angle of
falling sunbeams), changes in the trajectory,
weather temperature, as well as the seasons.
Figure 1 shows a diagram of the change in the
position of the Sun during the day for Berlin,
Germany, Figure 2 for Cairo, Egypt [2], and
Figure 3 for Baku, Azerbaijan.

In the diagrams, the NE is standing for
the northeast, SE for the southeast, SW for the
southwest NW for the northwest, and N, W,
and S for the corresponding poles. It is clear
from these diagrams that the trajectory of the
Sun in the sky during the day in different
places on Earth also varies significantly
depending on the season. (This expression is
conditional in meaning, but in fact, the process
is related to the rotation of the Earth around
the Sun). Therefore, in order to obtain
maximum energy, this factor must be taken
into account in the operation of devices that
convert solar energy into electricity.

More efficient devices are devices that
are placed on movable supports and allow the
program to change the position of the panels
depending on the position of the Sun in the sky
[3-5]. Such devices can only work effectively
in areas close to the equator, where the sun
rises in the east and sets in the west because in

these areas the falling sunray always falls at an
angle of about 90° to their surface during a
bright day due to the rotation of the panels
around the horizontal axis.

NE E SE s sw w NW
Time (GMT) +1

21. June

21. April
21. March

21. Februa

Solar attidude angle in degrees

45 20 135 180 225 270 315

Solar athimuth angle in degrees
Figure 1 — Solar Position Diagram for Berlin,
Germany [2]

NE E SE S Sw w NW
@ T T T

Greenwich Mean Time (GMT) +4

21.June  TT———— 12

21. April i - 12 13
0

21. March  —
50—

21. February
L 3

Solar attidude angle in degrees

I
% 135 180 % m

Solar athimuth angle in degrees
Figure 2 — Solar Position Diagram for Cairo,
Egypt [2]

Time (GMT) +2
NE E SE S sSw w NW

80 21. June

70 - 21. April
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Solar attidude angle in degrees

45 5 90 135 180 225 270 315

Solar athimuth angle in degrees

Figure 3 — Solar Position Diagram for Baku,
Azerbaijan

In areas far from the equator, such an
approach is ineffective because the Sun's
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trajectory in the sky changes from season to
season, as it is not possible to direct light rays
at right angles to the surface of the panels
during the day.

Another device uses 5 photocells placed
at different angles in 4 planes that record the
position of the Sun in the sky to control the
position of the panels based on the principle of
azimuth and zenith tracking [6].

Another solar tracking system uses a
different signal from the two: static and
comparable signals from motor transmitters,
and the position of the panels is controlled by
azimuth and zenith [7].

The object of the research

In the operation of these devices, the
condition of the panels is controlled not in
direct proportion to the current value of the
energy obtained from them, but in proportion
to any indirect indication.

The proposed device allows for
overcoming this deficit. This means that it is
possible to reach an amount of sunray which is
falling to about 90%o the panel, by changing
the position of the solar panels around both the
1st and 2nd horizontal axes perpendicular to it,
depending on the geographical position of the
place, the seasons, the change in energy
received and the position of the Sun in the sky.

In our research, samples of solid carbon-
fiber-reinforced plastics with and without
fiberglass sublayer were subjected to flame
electric discharge treatment. The choice of
these materials is related to their practicality
for use as a substrate. They are lightweight,
weather resistant, and affordable. To obtain
durable conductive coatings,

Formulation of the question

As noted, the position of the Sun in the

sky varies in each area on the Earth's surface
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depending on the seasons and the time of the
day, regardless of geographical location, with
the exception of areas around the equator.
(Figures 1-3). As a result, the energy of the
sunray falling on any area varies in each
season. In order to get the maximum energy
from the rays falling on the solar panels, the
rays must always fall on the surface of the
panels at an angle of 90°.

Figure 4 [2] shows a scheme of
horizontal S; and sunray falling on the surface
S, perpendicular to the direction of sun rays.
As shown on the diagram, the intensity of sun
rays falling on both surfaces is the same.

Figure 4 - Irradiance on a horizontal area
S; and area S, perpendicular to the sunlight [2]

Assuming E;S; = E,S, to determine the
value of radiant energy falling on surfaces [2],
since S, = S;cosy = S;sind.

E,=E,/sind > E, is obtained.

Here E, is the energy of the beam falling
on the horizontal surface, and E is the energy
falling on the surface perpendicular to the rays.

As can be seen, the energy of the sunray
falling on a perpendicular surface is greater
than the energy of the sunray falling on a
horizontal surface. In order to prove this, the
above-written formula can be expressed as
E; = E.cosy [2], the value of sunray energy
falling on the surface S; will increase
significantly as the angle y between the
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surfaces S, and S, decreases (y = 5% cosy =
0,9962, y = 10°, cosy= 0,9848, y = 15°, cosy =
0,9659, y = 20°, cosy= 0,9397). This fact must
be taken into account in the operation of
systems that generate energy with solar panels.
Surface orientation increases the energy
received. This is especially relevant when the
beams have a small angle of sunrays falling
and high latitude.

Therefore, it is necessary to constantly
change the position of the solar panels
depending on the position of the Sun in the sky
and to ensure that the sun’s rays always fall on
the surface of the panels at an angle of 90°.

Experimental part

The proposed device allows for
achieving this goal. The specific feature of this
device that distinguishes it from other existing
devices is that, depending on the current value
(change) of energy on the surface of solar

panels, the position of the panels changes
around the 1st horizontal axis and they are
always oriented towards the Sun's position in
the sky. Furthermore, this goal is achieved by
slightly rotating around the 2nd horizontal axis
perpendicular to the 1st horizontal axis so that
the sun rays fall onto surface at 90%ngle.

The device consists of a block of solar
panels (1), a block that changes its position
around the 1st horizontal axis (2), a block that
rotates its position around the 2nd horizontal
axis perpendicular to the 1st horizontal axis
(3), a converter which is converting electricity
from solar energy(converter) (4), electrical
energy parameters measuring block (5), power
measuring block (11), memory block (12) and
comparison block (13), control signal forming
blocks (6 and 7), controllers (8 and 9) and a
block (10) that transmits electricity to the
network (Figure 5) [8].

Sunrays

b

Block which changes
the position of panels
around the 1st

horizontal axis 2

Block of solar panels

Block which changes
the the position of
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1st controller
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electrical energy
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2nd controller

Memory
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electrical energy
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—

Figure 5 — Block diagram of the device [8]

The device works as follows. In order to
get the maximum energy from the Sun in any
area, the solar panel block of the device (1) is
placed and activated according to the position
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of the Sun in the sky. The parameters of the
electrical energy obtained from the conversion
of the number of sunrays are constantly
measured through the block (5) and the value
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of the maximum energy corresponding to the
time of noon is stored in the memory block
(12). As the Sun changes position in the sky,
the decrease in energy is recorded by the
power measuring block (11), the current
energy value is compared with the maximum
value stored in memory and proportional
signals are transmitted to the inputs of blocks
(6) and (7). The signals of blocks (6) and (7)
generate appropriate control signals by the
controllers (8 and 9) to change panel block
positions (1). These signals are transmitting
respectively panel positions to blocks (2) and
(3), which are changing around the 1st and
perpendicularly located 2nd horizontal axes.
Blocks (2) and (3) change the position of the
panel block respectively both around the 1st
horizontal axis (according to the changed
position of the Sun) and around the 2nd
horizontal axis (so that the sunray falls on
90%ngle).

The need to change the position of the
solar panels around the 2nd horizontal axis
means to ensure that their surface is directed at
right angles to the sunray in different seasons
and places.

Thus, maximum efficiency in energy
conversion is achieved due to the fact that the
amount of sunray constantly falls on the
surface of the panels at right angles during the
day.

This approach makes it possible to
achieve high efficiency in the operation of
energy converters, taking into account their
geographical location, seasonal changes, as
well as time of day.

This is achieved by mechanically acting
on the supporting structures on which the solar
panels are located, moving them in one
direction or another under conditions of
reduced energy conversion.
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In practice, it is possible to transmit the
current values of power at the outputs of the
unit, which measures the power of solar
panels, directly to the center of the station via
a Wi-Fi transmitter and thus record the amount
of energy produced during the day.

A schematic view of a sample of the device
consisting of 20 solar panels is shown in Figure 6
and the working algorithm is shown in Figure 7.
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Figure 6 — Position of solar panels of the device in
the morning (a), noon (b), and evening (c) [8]

The solar panels (1) are placed on the 1st
horizontal axis (4) resting on the pads (3) on
the fixed supports (2). The supports (2) also
act as a second horizontal axis perpendicular
to the 1st axis, which can move up and down
around the panels. The panels have the ability
to move (rotate) around the 1st axis from left
to right and vice versa. This is due to the
signals coming from block (5), which changes
the position of the panels around the 1st
horizontal axis. The position of the panels
changes up and down around the 2nd
horizontal axis due to the signals received
from the block (6).

Blocks (5) and (6), which change the
position of the panels around the 1st and 2nd
horizontal axes, change the position of the
panels in proportion to the value of the signals
received from the controllers (8 and 9)
included in the device (see Figure 5).
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Figure 7 — Algorithm for managing the position of solar panels during the day [8]

These signals are formed on the basis of
the difference between the signals obtained
from the comparison of the maximum value of
electricity received from the panels during the
day with the current value.

Thus, as a result of changes in the
current value of the energy received, the
panels, which are placed at approximately
right angles to the rising Sun in the morning,
rotate and change their position to 900 near
sunset time. At the same time, because of the
signal from block (6), a slight change in the
position of the panels around the 2nd axis
(Figure 8.) ensures that the sunray is falling on
the surface of the panels at an angle of 900
during the day. The panels are reset at
midnight.

The solar panels (1) are placed on the 1st
horizontal axis (4) resting on the pads (3) on the
fixed supports (2). The supports (2) also act as a
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second horizontal axis perpendicular to the 1st
axis, which can move up and down around the
panels.

Figure 8 — Diagram of the change of position of
the panels around the 2nd horizontal axis (side
view) [8] (1-position for June, 2, 3, 4, 5 —
positions for other seasons)

The panels have the ability to move (rotate)
around the 1st axis from left to right and vice
versa. This is due to the signals coming from the
block (5), which changes the position of the
panels around the 1st horizontal axis. The position
of the panels changes up and down around the
2nd horizontal axis due to the signals received
from the block (6). Blocks (5) and (6), which
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change the position of the panels around the 1st
and 2nd horizontal axes, change the position of
the panels in proportion to the value of the signals
received from the controllers (8 and 9) included in
the device (see Figure 5). These signals are
formed on the basis of the difference of the
signals obtained from the comparison of the
maximum value of electricity received from the
panels during the day with the current value.
Thus, as a result of changes in the current value of
the energy received, the panels, which are placed
at approximately right angles to the rising Sun in
the morning, rotate and change their position to
90° near to sunset time. At the same time, because
of the signal from the block (6), a slight change in
the position of the panels around the 2nd axis
(Figure 8.) ensures that the sunray is falling on the
surface of the panels at an angle of 90° during the
day. The panels are reset at midnight.

The proposed device is essentially an
automatic positioning system of solar panels
(APSSP). The main distinguishing feature is
that despite being iconic, both axes are located
in the panel plane carrying control out in the
function of power. The basic circuit consists of
a power circuit that reflects the energy
conversion (Figure 9) and a control circuit of
the automatic positioning system (Figure 10).
Regarding the software, the power circuit
consists only of hardware and the control
system consists of hardware and software.

The power circuit has a relatively simple
and traditional structure. The composition of
the equipment is shown in the figure below.
The control circuit is based on the Arduino
controller. Two TB6600 drivers were used to
connect the execution motors (step motors are
shown as an example in Figure 10). The
performance of both the Ardunio and the
TB6600 driver is the same as in the industrial
models of these devices. Taking into account
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that the composition of the hardware is
determined by the working algorithms of the
software, it is better to start the explanation of
the scheme with the software part.

Solar panels GP-kontroller GP-inverter

! + i — r -

Figure 9 — Power circuit of APSSP Inverter: for
single phase-network: MUST EP3000 (12-14/220
V, 1-6 kVt); GW15K-DT (26 kVt and higher) GP-
controller-solar ~ panel  controllers:  (MPPT-
controller): PC1600F; series 45/60/80A (MPPT)

15

Al

|

= (1

Electrical consumers

Battery

The control program of the dual APSSP
must perform the positioning in the power
function. In this case, the issue of measuring or
determining the current value of energy
conversion capacity must be resolved.

Any power meter is installed in the DC
circuit up to the inverter and the device
measures the current value of power P. As the
coefficient of efficiency of solar panels
depends on the angle of falling sunbeams to
the surface [9] and the changing angle of
sunlight relative to normal direction is
expressed by its sinus and cosines, the change
in the current value of power relative to the
maximum value should be expressed as
follows:

P=Pmax sino+ Pmax cosp. 1)

Reduction of power relative to the
maximum value:

AP=Pmax — (Pmax sino+ Pmax cosp), (2)
AP=Pmax (1 — (sino=£ cosp). (3)
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As can be seen, it is not known which
part of the current value of the power
determined by a measuring device decreases
whether under the influence of the angle a or
B. However, since the annual and daily
velocities and directions of the Sun relative to
the Earth is known, and it is possible to
implement expression (3) with software. In
this sense, the management of the power
function should be based on the principle of
program management. It is known from
astronomical knowledge that the annual speed
of the Sun relative to the Earth (in B
coordinates) is 0.986 degrees/day or 0.041
degrees/hour, and the speed of daily
movement (in o coordinates) is 15
degrees/hour or 0.25 degrees/minute.

Thus, for certain time intervals, it is
possible to calculate the inclination values of
the sun's rays relative to the norm drawn on
the panel surface and enter them into the
memory block shown in Figure 8. Assume that
the maximum power inclination for the control
task should not exceed 1%. For this purpose,
the inclination angle of the sun's rays in both
coordinates should be spaced over time so that
the decrease in power relative to the maximum
value does not exceed 1%. The following table
(Table 1) shows the coordinates for a 15%

annual movement and a 1% decrease in
relative power during 1 hour of daily
movement.

As can be seen, a 1% decrease in relative
power occurs when the sun's rays are tilted by
0.6 degrees, which corresponds to a time
interval of 2 minutes 24 seconds at the a
coordinate, and 14 hours and 24 minutes at the
B coordinate.

In Figure 10 step motors are used as an
example, but DC motors can also be used for
this purpose. Although step motors are
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relatively inexpensive, they do not have
coordinated feedback lines. However, the
developed control algorithms should be
slightly modified while taking into account the
practical operating conditions.

Thus, given the lack of energy
conversion from sunset to dawn the next day
and the fact that the annual speed of the Sun is
many times smaller than the daily speed, it is
more expedient to compile the algorithms as
follows: In accordance with the conditions of
the geographical location of the device, the
time of daily dawn and sunset for a period of
one year are recorded and saved;

+5V 7+ ENA Vi
[ Iz, 6\ lp;m DrRIVER GND
sl lpgy TB6600
I 140 A+ A- B+ B-
Ro arpumvo | Ll o
| &, (UNO) 3
- ¢
Rsp 8+—ENA v+
~9) | DRIVER GND
| I P ol TB6600
Bp A+ 4- B+ B-
. Ra T~
4
e »
v, ESP8266
L V,' N U, (A4 VSS GND
B 1o

Figure 10 — APSSP management circuit Rqpis a
resistive potentiometer that provides a power-
voltage matching resistor, a voltage divider
resistor, and a comparator operating at a relative
power reduction of 1%, respectively, R, & Ryo- a-
coordinates; Rgp, Rsw&Rno — £ are similar elements
in B coordinate; V,V; - rotation angle transmitters;
M. Mg are o andf coordinate actuators.
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Table 1 — The annual inclination of the sun, Daily inclination of the sun, and Relative change

of power
Annual Daily inclination Relative change
Ne inclination of the sun of power
of the sun
daily | hour | inclination hour minute |inclination (in on the on the
(in degrees) degrees) |coordinate | coordinate a
1 0 0 0,00 0 0
2 0,6 14,4 0,59 0,04 2,4 0,6 1,05% 1,03%
3 1,2 28,8 1,18 0,08 4,8 1,2 2,09% 2,06%
4 1,8 43,2 1,78 0,12 7,2 18 3,14% 3,10%
5 2,4 57,6 2,37 0,16 9,6 2,4 4,19% 4,13%
6 3 72 2,96 0,2 12 3 5,23% 5,16%
7 3,6 86,4 3,55 0,24 14,4 3,6 6,28% 6,19%
8 4,2 100,8 4,14 0,28 16,8 4,2 7,32% 7,22%
9 4,8 115,2 4,73 0,32 19,2 4,8 8,36% 8,25%
10| 54 129,6 5,33 0,36 21,6 54 9,41% 9,28%
11 6 144 5,92 0,4 24 6 10,45% 10,30%
12| 6,6 158,4 6,51 0,44 26,4 6,6 11,49% 11,33%
13| 7.2 172,8 7,10 0,48 28,8 7,2 12,53% 12,36%
14| 78 187,2 7,69 0,52 31,2 7,8 13,56% 13,38%
15| 84 201,6 8,28 0,56 33,6 8,4 14,60% 14,40%
16 9 216 8,88 0,6 36 9 15,64% 15,42%
17| 9,6 230,4 9,47 0,64 38,4 9,6 16,67% 16,44%
18| 10,2 | 24438 10,06 0,68 40,8 10,2 17,70% 17,46%
19| 10,8 | 259,2 10,65 0,72 43,2 10,8 18,73% 18,48%
20| 11,4 | 2736 11,24 0,76 45,6 11,4 19,76% 19,49%
21 12 288 11,84 0,8 48 12 20,78% 20,50%
22| 126 | 3024 12,43 0,84 50,4 12,6 21,80% 21,51%
23| 132 | 316,8 13,02 0,88 52,8 13,2 22,82% 22,52%
24| 138 | 3312 13,61 0,92 55,2 13,8 23,84% 23,52%
25| 144 | 3456 14,20 0,96 57,6 14,4 24,86% 24,52%
26 15 360 14,79 1 60 15 25,87% 25,52%
The command “Start" issued transfers; The deviation from the maximum

immediately at dawn; The "Start" command
connects the control and power circuits to the
power supply, and forms the "Ready"
command; The “Ready” command generates
task signals at o and B coordinates so that the
panels are oriented in the normal direction
towards the sun's rays; On the basis of the
formed task signals, the panels are
automatically positioned perpendicular to the
sun's rays by means of a and B coordinate

value of the power on the o coordinate is
determined by the time interval every 2
minutes and 24 seconds; The control signal is
formed according to the value of inclination
relative to the maximum power; 0.6degree
positioning is performed in the direction of the
diurnal motion of the Sun at the coordinate o;
From the moment of completion of the
operations specified in paragraph 5, after the
expiration of 14 hours and 24 minutes, the
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deviation from the maximum value of power
in the B coordinate is determined; The control
signal is formed in accordance with the value
of the inclination relative to the maximum
power on the coordinate f; 0.6degree
positioning is performed in the direction of the
annual motion of the Sun at the coordinate f3;
According to the moment of sunset, the "Stop"
command is formed, the panels are brought to
the initial position according to the moment of
dawn, and the control and power circuits are
turned off; Paragraphs 2-12 are repeated
periodically, for a specified period. As for the
procedure for connecting the functional block
diagram shown in Figure 8 to the Internet via
Wi-Fi, it is necessary to specify the hardware
required for this purpose. In our opinion, it is
enough to create the hardware on the ESP8266
chip and -USB ~ UART adapter.

Thus, the ESP8266, as a modem, while
having the function of a Wi-Fi emitter, has
considerable practical experience in its use
with Arduino. The USB ~ UART adapter is for
creating software by connecting the ESP8266
modem directly to a computer or any laptop
(USB is not shown in Figure 10). ESP8266
software is written in C ++.

The protocol for connecting the Arduino
module to the Wi-Fi module consists of steps
that can be considered quite standard: Connect
the Arduino module to the power supply and
wait for the "Arduino-Uno-WiFi-xxxxxx"
(xxxxxx-module identifier) network to be
reflected; Connect to this network from any
Internet  browser  with  IP  address
192.168.240.1; Configure the module in the
web interface while entering the Network
SSID item and press the CHANGE button to
reach the initial network settings of the
Arduino module; Connect to a Wi-Fi network;
Access Arduino Uno Wi-Fi network from any
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computer, laptop, or smartphone with a valid
IP address; Using the SWITCH TO STA
MODE button, change the network AP + STA
mode to STA mode.

In practice, it is possible to develop a
program by analyzing the indicators that reflect
the management of the panels performance as a
result of a one-year operation of the device
located in any particular region and area in
subsequent years for each season or month. It is
also planned to create options to control the
position of the panel units manually for the start-
up preparation, maintenance, and repair of the
unit.

From the structural point of view, the need to
place such a set of panels at a certain height above
the ground, unlike stationary structures, requires
that they be mounted on solid supports and
protected from external influences, such as wind
erosion (restrictive supports (7) (Fig.6)).The
distance between the first horizontal axes around
which the panels rotate during the day is chosen
so that the panels closest to the falling sunray (in
the foreground) do not cast shadows on the
surface of the panels after them, either when the
sun rises in the morning or sets in the evening
[10]. The solar panel block is built as a telescopic
system based on the modular principle, which
means that the number of panels in each row
determines the number of modules. As the
number of panels in each row increases, their
angle of displacement around the second
horizontal axis will also increase. In this case, it
will be necessary to place the whole structure at a
higher level than the Earth's surface.

But the infinite increase in the number of
modules will lead to an increase in the size and
weight of the overall structure and will
complicate the operation of the device. In such
cases, it is more appropriate to operate several
parallel devices. In this case, all of them will
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operate and be managed on the basis of a single
algorithm.

During the application of the device, the
power supply of all its units, including the
transmissions that change the position of the
panels, is carried out at the expense of electricity
directly from solar panels, which makes the
operation of the device more efficient.

The parts of the solar panels placed in
stationary positions close to the ground surface
have different effects on the operation of the
panels due to the fact that they are warming up
quicker than the above parts. This shortcoming is
completely eliminated in the proposed device so
that the surface temperature of the panels will be
consistent same everywhere.

Conclusion

In order to increase the energy performance
of solar panels, the theoretical basis and the
principle of construction of the device are
explained, which allows changing their position
around two horizontal axes perpendicular to each
other depending on the value of energy obtained
directly from the panels. In the operation of the
device, the panels are always directed at right
angles to the falling sunray amount, thus allowing
to get the maximum possible energy from the
panels during a bright day, regardless of the
geographical location and season of the year.
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Abstract

The article substantiates the importance of radar and analyzes its main characteristic features. It is
shown that one of its most essential problems is the selection of a weak signal comparable with noise from
a signal-to-noise mixture. It is noted that the problem can be solved only with the use of special technical
means. The possibility of using an optimal linear filter for solving the problem is discussed. It is proved
that the optimal linear filter, the parameters of which are adapted to the parameters of the probing signal,
can provide effective receiving of the signal reflected from the object. It is shown that the main component
of such an optimal linear filter is a device that provides a time delay for the signal. Most of radar systems
use delay lines that provide a fixed time offset, in which case only one known pulse can be received. The
peculiarities of the photo-elastic effect are discussed in the context of the formation of the required time
delay. It is shown that in this case it is possible to smoothly adjust the required time delay in a wide range.
It has been proven that an optimal linear filter with wider functional potentialities can be synthesizes on
the basis of an acousto-optical delay line.
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Xiilaso

Mogqalads radiolokasiyanin 6nomli shomiyyeti asaslandirilmis vo onun asas xarakterik xiisusiyyatlori
aragdirilmigdir. Gosterilmisdir ki, onun asas problemlorindon biri kily ilo miiqayise oluna bilacak zsif signalin
signal-manes toplumundan ayrilmasidir. Qeyd olunmusdur ki, problem yalniz xiisusi texniki vasitalorin totbiqi
ila hall oluna bilor. Masalenin halli iiclin optimal xatti slizgacin totbiqinin miimkiinliiyii aragdirilmisdir. Siibut
olunmusdur ki parametrlori, zondlayici signalin parametrlorine uygunlasdirilmis optimal xatti siizgac obyektdon
oks olunan signalin effektiv gobulunu tomin eds bilor. Gostarilmisdir ki, belo optimal xatti siizgacin asas torkib
hissasi signalin zaman longimasini tomin edon qurgudur. Malum radiolokasiya sistemlorinds fiksa olunmus
zaman siiriismasi veran langitma xatlorindon istifads olunur vo bu halda yalniz mslum parametrli bir impulsun
gobulu miimkiin olur. Fotoelastik effektin x{isusiyyatlori tolob olunan zaman longimasinin formalagdiriimasi
kontekstindos aragdirilmigdir. Gostorilmisdir ki, bu halda taleb olunan zaman langimasini genis intervalda salis
tonzimlomak miimkiin olur. Siibut olunmugdur ki, daha genis funksional imkanlara malik optimal xatti siizgac
akustooptik longitma xatti asasinda reallagdirila bilor.

Acar sozlor:  radiolokasiya, kily, optimal xatti slizgac, fotoelastik effekt, longitmo xatti, akustooptika.
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AHHOTAIUA

B craree oOOCHOBaHA Ba)XKHOCTH PAAMOJOKAIIMK M AHAJIM3MPOBAHBI €€ OCHOBHBIE XapaKTEPHEIC
ocobenHocTH. [lokazaHo, 4TO OHOI N3 ee BaYKHEHIIHNX MPOOIeM SBISETCS BBIIEICHUE, CPABHIMOTO € ITyMaMH
c1aboro CUrHajla U3 CMECH CUrHaj-momexa. OTMeueHo, 4To IpoOIeMy MOXKHO PELIUTh TOJIBKO C IPUMEHEHUEM
CIICOHUAJIBHBIX TEXHUYCCKUX CPCICTB. O6Cy)K)ICHa BO3MOXHOCTb NPUMEHCHUA OITUMAJIBHOTO JIMHEMHOTO
¢wibTpa Ui penieHus 3anadd. JlokazaHO, YTO ONTHMAJBHBIN JIMHEHHBIH (WIBTP, MapaMeTpbl KOTOPOTO
aJanTUpOBaHbl K IapaMeTpaM 30HAUPYIOLIETO CHrHajma, MOXeT obOecrneuuTs 3GQEKTUBHBI npHeM
OTPaXEHHOTO OT 00bekTa curHaia. [lokazaHo, 4YTO OCHOBHBIM KOMIIOHEHTOM TAaKOTO ONTUMAIBHOTO JTHHEIHOTO
¢unpTpa ABIAETCS YCTPOMCTBO, oOecHedMBarollee BPEMEHHYIO 3aJ€pXKKy CHTHala. B HM3BeCTHBIX
PaJMONIOKalMOHHBIX CHCTEMax HCIIOJNB3YIOTCS JIMHUHM 33/IePXKKH, KOTOpble 00ecnednBaroT (DPUKCHPOBAHHBIN
BpeMCHHOﬁ CABUIL, U B 3TOM CJIydac MOXXHO obecneunTs MNpUEM TOJIBKO OAHOI'0 UMITYJIbCa C U3BECTHBIMH
napamerpoM. OcobeHHOCTH (hoTOympyroro 3¢dexra oOCY)KICHB B KOHTEKCTE (GOPMHUpPOBAaHUS TpeOyeMmoit
BpeMEeHHOH 3anepxkku. Iloka3aHo, 4TO B 3TOM Clydae MOXKHO IUIABHO PEryaMpoBaTh TPEOYeMyHO 3alepikKKy
BPEMEHH B IIMPOKOM HUHTepBane. JloKa3aHO, YTO ONTUMAIBHBIN JMHEHHBIH GHIBTp ¢ Oonee MHUPOKUMHU
(yHKIHMOHATBHBIMA BO3MOXHOCTSIMA MOXKET OBITH pEann30BaH Ha OCHOBE AaKyCTOONTHYECKOH JIMHUH
3aJIeP>KKH.

KiroueBble cjioBa:  pajHoNIOKAIHA, IIIyM, ONITUMAIILHBINA JIMHEHHBIH QUIBTP, GoTOynpyruit 3G GeKT, THHHS
3aJIepPIKKH, aKyCTOOITHKA.
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Introduction
One of the most important areas of
modern radio electronics is radiolocation. Its
wide use in the defense industry has intense
the principality of this direction. One of the
signals used here is an echo signal which it is
formed backscattering wave from an object.
The probing signal transmit by radar interacts
with the object and scatter in different
directions. A small part of the backscattering
wave is propagation the direction of the radar
and is received by the radar receiver [1]. The
received signal s, (t) is time-shifted copy of
probing signal s,,(t)
sg(t) = A+ s,(t — 1), (1)
where A is attenuation factor and 7 shifting
time interval. Usually attenuation factor in (1)
is A << 1. The amplitude of the received
signal can be small enough to be compared
with the root means square of noise volatage
at the input of the receiver. This issue can be
discussed example of STAR-2000 surveillance
radar. In this case attenuation factor in (1) is
defined as follows:
A = G- 0pp5 * S;/(4TR?)?, (2)
where G is the antenna gain, o.sf is the
effective scattering area of the radar object, S;

is the effective area of the antenna and R is the
distance from the radar to the object.

The effective area of the antenna is
defined as next formula

G-(c/f)?
5= €y, 3)
where ¢ = 3-108 m/s velocity of electro-

magnit waves in vacuum, f is operating
frequency.

The urgency of the problem

Let's assume that the observation object
with an effective scattering area o,5r = 40 m?
is located at a distance of R = 100 km from
the radar. The necessary parameters [2] of
STAR-2000 surveillance radar for calculation
and some calculations results based on (2) and
(3) are illustrated in Table. It is clear that if a
complex of special measures is not
implemented, it will not be possible to ensure
receiving of the signal in the range of values
of the attenuation factor depicted in Table. For
the tackling of this problem research is being
conducted different directions. The one of
these directions is that the created and
applying best detecting devices for the signal
which distorted from the noise effect.

Table — The some parameters of STAR-2000 surveillance radar and calculation results

Ne Parameter Parameter Value Note
1  Operating frequency 2,7-2,9 GHz The radar works on one of the
frequencies in this range
2 Peak power 15 kWt If the radar works with 15
modules
3 Pulsewidth of the 1 us and 75 us

probing signal, ;
Antenna gain, G
Effective area of the
antenna, S;
Attenuation factor, A

34,3dB
2,645 -2,293 m?

1,8-10"7-1,563-10°"
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At the simple situation can be use from <
frequency filtering. In this case, the frequency f sin(T) h(tp — 1)d7| <
transfer coefficient linear -

K(jw) of the
stationary filter is chosen so that amplitude-
frequency response |K(jw)| values are large in
the frequency range where the main part of the
signal energy is concentrated and small in the
frequency range where the spectral density of
the noise power is large. When a sum of the
signal and noise is given to the input of such a
filter, it can be expected that the share of the
signal at the output will increase significantly.
A system with frequency selectivity that
ensures the processing of the sum of the signal
and noise in any good way is called an optimal
linear filter [3].

It is not required to maintain the shape
of the useful signal when the radar system is
working. In addition, in the work process, it is
desirable to transform the useful signal in such
a way that at input of the filter a significant
"increase" in the instantaneous values of the
output signal at any moment. Usually, a signal
consisting of Gaussian noise is less likely to
have large increases. Therefore, the fact that
the output signal is significantly higher than
the effective noise voltage at certain moments
of time, most likely confirms the fact that
there is a useful signal at the input of the
receiver.

Optimal linear filter for probing signals. If
the input of the linear stationary filter with
impulse response h(t) is affected by the signal
Sin(t), the signal s,,:(t,) with its maximum
value at its output at the moment ¢, is found
by means of the Duhamel integral as follows:
Sout (to) = J o, Sin(Dh(to — Dz, (4)
According to the Cauchy-Bunyakovsky
inequality (4) can be written follow as:

92

(17 sm2(2)dt [~ h2(t — D] 2 (5)

In this expression, the equal sign is
possible only if the products of the integrand
given in (4) are proportional to each other:

hopt(to —t)=k- Sin(7), (6)
where k characterizes an arbitrary coefficient.
By formally replacing the variable as
to — T, (6) can be written as follows:

hopt(t) = kSin(tO —t). (7)

It is clear from the last mathematical

t

expression that the impulse response h,y,(t)
of the optimal linear filter is a scaled copy of
the input signal which located in a mirror
order on the time axis (this is seen from the
minus sign in (7)). In addition, the impulse
response of the optimal linear filter is shifted
by t, with respect to the s;,,(—t) signal [4].

Optimal linear filters are applied in
pulse radar receivers. In this case, the these
filters are placed in the intermediate or low-
frequency tract for easier technical
installation.

Since the impulse response of a linear
stationary system and the frequency transfer
coefficient are related to each other by Fourier
transform, according to the (7) the following
formula can be written as

Kopt(jw) =k f_oooo Sin(to - t)e_jwtdt. (8)

Including the new integration variable
& =ty — tis getting next formula:

Kope(jw) = ke™J@% [~% 5, (eI $dE. (9)

The spectral density of amplitude of
input signal s;,(t) is define with Fourier
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transform follow as:

Sin(jw) = [ sm(©) e tde.  (10)

Accordingly, the (9) found for the
frequency transfer coefficient of the optimal
linear filter can be written as follows:

Kopt (jw) = kS;, (jw)e @, (11)
where S}, (jw) is complex conjugate function
of S;,jw).

It can be seen from the last statement
that the frequency transfer coefficient of the
optimal linear filter is expressed by the
spectral density of the received useful signal.
The proportionality coefficient k in the (10)
determines the level of amplification of the
filter. The t, is included only in the expression
of the phase characteristic of the filter. In this
case, the e~/®% represents the shift of the
output response on the time axis by t,.

Optimal linear filter for radar with single
probing pulse. For complete clarity of the
matter, let us assume that the radio receiver is
designed to receive a single radio pulse width
7; and the optimal linear filter is placed in the
low-frequency tract of the radar receiver. In
this case, a rectangular video pulse s;,,(t) with
width 7; and amplitude U, is formed at the
input of the optimal linear filter.

The spectrum of the pulse signal s;,(t)
is found based on the frequency transfer

coefficient of the optimal linear filter
according to the (11):
Sin(j@) =2 (1 —e7o™).  (12)

The frequency transfer coefficient of the
optimal linear filter, which provide to
detecting of the video signal with pulse width
t; is founded follow as:

. 1 — T
Kopew) = k(G —e™/*). (13)
The obtained result fully defines the
structure of the optimal linear filter for a
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rectangular video pulse. According to the last
equation the optimal linear filter, which
provides the detection of a rectangular video
pulse known width, consists of a stepwise
combination of three linear loops. The first
loop is amplifier (A), which its gain is k, the
second loop is an ideal integrator (I) and the
third loop is a device with frequency transfer
coefficient K(jw) = [1 — exp(—jwrt;)]. The
third loop also consists of delay lines (DL)
that delays the signal by z;, an phase inverter
(P1) that changes the phase of the signal and
an summer (S). The structural scheme of the
optimal linear filter for a single rectangular
video pulse which synthesized according to
the given explanation is described in Figure 1.

Sin(t)
D—>

Sout(t)

RN

DL Pl

—

Figure 1 — The structural scheme of the optimal
linear filter for a single rectangular video pulse

Solution. From the common analysis of the
analytical description given above and the
structural scheme shown in Figure 1, it is clear
that one of the main components of the
optimal linear filter is the device that ensures
the delay of the video pulse by ;.

It is depicted in given table that the
STAR-2000 surveillance radar
probing signals which the pulsewidth of them
is 1 ps and 75 ps. In this case, the synthesis of
the optimal linear filter require the two delay
lines providing a fixed time delay.

uses two

Obviously, in this situation, the optimal
linear filter cannot be tuned to receive two
signals which have different pulsewidth. This
requires the application of a tunable delay
time device. It is possible to solve the problem
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by using the properties of the photoelastic
effect [5].

The photoelastic effect is realized in the
acousto-optic modulator (AOM) (Figure 2).
The AOM consists of a photoelastic medium
(PEM) attached to an electroacoustic
converter (EAC) [6]. In the AOM can be used
glass and crystalline PEM. The EAC converts
the electrical signal s;,(t) to an acoustic
wave. This acoustic wave interacts with the
optical wave in the PEM. As a result, part of
the light beam is diffracted.

The light beam in the diffraction pattern
falls on the photosensitive surface of the
photoreceiver device (PD) through the
diaphragm.

Sin(t)

Optical

wave ‘
Xo

PD _g Sout(t)

EM

Figure 2 — The structure of the acousto-optical
delay line

The signal s,,;(t) formed at the output
of the PD is a copy of the voltage at the input
Sin(t) delayed by T = x,/v, where v is the
propagation velocity of the acoustic wave in
the PEM. The propagation velocity of the
acoustic wave v is approximately 10° times
smaller than the propagation velocity of the
optical wave. Therefore, it is not difficult to
ensure that the output voltage is delayed by
several 10 pus compared to the input [7, 8].The
operation of the acousto-optical delay line
illustrates in Figure 3. The oscillogram in
Figure 3 it was obtained with relevant labo-
ratory model as Figure 2. Here, the pulse
formed at the output (Figure 3, 2) is delayed
by 4 us compared to the pulse at the input
(Figure 3, 7). The pulsewidth of both signals
(it 1s set at the level of 0.5 of the maximum
value) is 1 ps.

It is clear that by changing the distance
xofrom the EAC to the photoelastic interaction
area (for example, by electromechanical
means), it is possible to adjust the delay time T
over a wide range. Therefore, an optimal
linear filter realized on the basis of an acousto-
optical delay line can be easily tuned to
receive pulses with different width, that is,
such a filter has wider functional potentiality.

RIGOL 70 'N{ 1.000us) o8 o8 o cormmmanmnnnnn D (596000000us ) T (§ @ 100V
g . E
a
\
o DR
[ [—
BT ~ 200v ) M “ree sees sase wn prarres

Figure 3 — The output and input oscillogram of the acousto-optical delay line
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Conclusion functional possibilities. In this case, by
One of the effective means of detecting  smoothly changing the time shift (for

weak signals from the noise background is the
optimal linear filter. The main components of
this device is the delay line. In known filters,
delay lines providing a fixed time shift are
used for this purpose. As a result, it is possible
to match the optimal linear filter with only one
probing pulse. The application of an acousto-
optic delay line, which provides a smoothly
adjustable time shift in a large interval, allows
to realize an optimal linear filter with wide

example, by mechanical displacement of the
photoelastic medium), tuning of the optimal
linear filter for receiving an pulse with
different parameters is easily ensured.
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In the article, the research has been carried out on the stability of known algorithms for
generating pseudo-random sequences and hashing functions. It is proposed to use the NIST
822STS package to evaluate the statistical security of pseudorandom number generators. The pre-
sented results confirm the theoretical results of assessing the resistance of the proposed genera-
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NIST 802STS paketi asasinda m-lik kodlar iizro generatorlarin

statistik tohliikasizliyinin giymatlondirilmasinin naticalari
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Xiilasa

Mogalodo, Yyalangi tosadiifi ardicilliglarin  formalagmasinin  moalum alqoritmlarinin, hesloma
funksiyalarinin miigavimatinin todqiqi aparilir. Yalangt tosadiifi odod generatorlarinin statistik
tohliikasizliyini giymotlondirmoak ti¢iin NIST 822STS paketindon istifado etmok toklif olunur. Togdim
olunan naticalor m-lik kodlar1 iizra toklif olunan generatorlarin tohliikasizliyinin giymatlondirilmasinin
nozari naticalorini tosdiq edir. Lazimsiz blok kodlar1 vo bozi taninmis generatorlar (FIPS 197, BBS
osasinda generator) osasinda generatorlarin program tominatinin totbiqi siiratinin tadgiginin naticalori
gostormisdir ki, hazirlanmis PTO generasiya alqoritmlori zaif hesablama miirokkobliyino malikdir.

Agar sozlor: statistik dayaniqliq, m-lik kodlar tizro psevdo-tesadiifi odod generatorlari, NIST
822STS paketi.
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Pe3yabTaTrbhl OLEHKH CTATHCTHYECKON 0€30MaCHOCTH TIeHepaTopoB

Ha M-UYHBIX Koaax HAa ocHoBe makera NIST 802STS

X.H. P3aes’, D.51. Barupos?, M.®. Mammaos®

L Azepbationcancruii Texnuueckuti Ynueepcumem (np. I'. Tncasuoa 25, baxy, AZ 1073, Aszepbaiioncan)
2 @oeumo Tex (np. Xamau, 16, Baky, Azepbaiiocan)
% Cybernet MMC (Baxy, Asepbaiiomncan)

JLJIS1 mepenucKu:
P3aeB Xazawna / e-mail: xazail49@mail.ru

AHHOTAIUA

B cratpe mpoBeneHO HMcCremoBaHUS CTOMKOCTH M3BECTHBIX alITOPUTMOB (DOPMHUPOBAHUS IICEBIO-
CIIy4alHBIX MOCJIEAOBATEIbHOCTEH, (DYHKIUI XeupoBanus. J[jsl OlleHKM CTaTUCTHYECKOM 0€30IaCHOTCH
reHepatopoB ncesaociaydaiiaeix uucen (IICYH) npennaraercst ucnons3osate naker HUCT 822STS. Ilpen-
CTaBJICHHBIE PE3YJIbTAThl MOATBEPKAAIOT TEOPETHUECKUE PE3YNILTAThI OLIEHKH CTOMKOCTH MpezaraeMblil
TeHepaTopoB Ha M-WYHBIX KOAax. Pe3ynbraTel mccienoBaHusi OBICTPOACHCTBHS MPOrpaMMHOM peanu3a-
IIUH TeHEPAaTOPOB Ha M30BITOYHBIX OJOKOBBIX KOAAX M HEKOTOPBIX M3BECTHBIX T€HEPATOPOB (TeHEpaTop Ha
ocunose FIPS 197, BBS) noka3zanu, 4to pa3padotanHble anroputMbl opmupoBanus [ICY nMeroT HU3KYIO
BBIUHCIIUTEIBHYIO CI0KHOCTD.

KiroueBnle cjioBa: CTaTUCTUYECKAs CTOHKOCTh, TEHEPATOPHI TICEBIOCITYUYalHBIX YMCEN Ha M-UYHBIX
kogax, maker HUCT 822STS.
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BBeaenne

OnHOM W3 OCHOBHBIX COCTAaBJISIONINAX
OIICHKH CTOMKOCTH KPHUNTOTPAPUIECKUX aJro-
PUTMOB SIBJISIETCSL OLIEHKA €r0 CTaTUCTUYECKOU
6e3omacHoctu. CyUTaeTCs, YTO AITOPUTM SIB-
JIICTCS CTAaTHCTUYCCKH OC30IaCHBIM, SCIIH IIO-
CJIEI0BATENIbHOCTh, KOTOPYIO OH T€HEPHUPYET,
II0 CBOMM CBOMCTBaM H€ YCTYIIAeT CIy4alHOH
MOCJIEIOBATEILHOCTH, Takue IT0cieIoBaTelIb-
HOCTHU Ha3bIBAIOTCA “TICEBIOCITYYANHBIMU .

Leabo wuccaeaoBaHusA SBISETCA TI0-
BHIIIGHWE aJIrOpUTMa C HUCHOJIB30BaHUEM
“rceBOCTyYalHbIX” YUCE.

ITocTanoBka 3aauM M MeTOAMKA IpOBe/e-
HHS IKCIIEPUMEHTOB

JUIg SKCIIEpUMEHTAIBHOM OLIEHKH TOTO,
HACKOJIBKO OJIM3KO KPUIITO-AJITOPUTMBI  afl-
IIPOKCUMUPYIOT T€HEPATOpPbl  “‘CIydyallHBbIX
II0CJIEI0BATEIBHOCTEN, UCIOJB3YIOTCA CTATH-
ctuueckue TecThl. [Ipemnokennbrii  NIST
(HatimoHanbHBIM

CIIA) naker tecroB NIST STS st rectupo-

Wuctutyrom  CrannapToB

BAHMS T€HEPATOPOB CIIyYaWHBbIX WM IICEBAO-
CIIy4YalHBIX YUCEN SIBISETCS OJHHUM W3 MOJXO0-
JIOB pealn3alvy 3aJa4d OLCHKU CTaTUCTHYE-
KpHUNTOrpaduyecKkux
IPUMHUTHBOB. Mcnionp30BaHne JAHHOTO NaKeTa
IIO3BOJISIET C BBICOKOM JI0JIEM BEPOSATHOCTH JIe-

CKOM 0e30macHOCTH

JaTh BBIBOJBI OTHOCHTEIBHO TOTO, HACKOJIBKO
MOCJIEIOBATENbHOCTh, YTO TEHEPHUPYETCS HC-
CJIElyeMbIM TIPHMUTHUBOM, SIBIISIETCS CTaTH-
ctuyecku OeszomacHoil. HabGop TectoB NIST
STS Ob1 mpemIoxkeH B XOl€ MPOBEIACHHS
KOHKYypCa Ha HOBBIH HAIIMOHAJBHBIN CTAaHIAPT
CIOA OGnounoit mm¢ppoku B 2000 romy u
pa3paboTtaH coTpyaHukamMu HarroHanisHOTO
WHCTUTYTa CTAaHJAPTHBIX TEXHOJOTUH. ITOT
Ha0Op HMCIIOIB30BAJICS TSI HCCIIEIOBAHUH CTa-
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TUCTHYECKUX CBOMCTB KaHJHIATOB HAa HOBBIM
OmouHelid mmdp. MeToauka TECTUPOBAHMS,
yto mpemnoxkena NIST, sBusercs Hambosee
pacnpocTpaHeHHOU y pa3pabOoTYUKOB KPUIITO-
rpadUyecKuX CpeACTB 3alUThl UHGOPMAILIUU
[1-3].
JIBOMYHOM IIOCJIEOBATCILHOCTH S MMEET Clie-
JYIOILIMI BUT:

1. BeiaBuraercs HyneBas rumnore3a Ho —

[Topsimox TecTUpOBaHHS OTAECIBHOM

IIPEIIIOJIOKEHHE O TOM, YTO JaHHas JBO-
UYHAas MOCJIE0BaTENILHOCTD S CllyyaiiHa.
ITo nmocnenoBaTeNnbHOCTH S pacCYUTHIBACT-
Csl CTaTUCTHUKA TeCTa ¢ ().
C wucnosnb30BaHUEM CHENUATBHON (DyHK-
MU U CTaTHUCTUKHU TECTA PACCUMTHIBAETCS
3HAYEHUE BEPOSTHOCTH!
P=1f(c(S)), P<[01].

3HaueHUe BEPOATHOCTH P CpaBHUBAETCS C
YPOBHEM 3HAYMMOCTH:

& €[0.001,0.01], Ecnu P>¢, To rumoresa
Ho npunumaercs. B npotuBHOM citydae mpu-
HUMAaETCs allbTepHATUBHAs TMIIOTE3A.

[Taker conepxut B cebe 16 cratuctuye-
ckux TectoB. Ho (hakTuuecku, B 3aBHCHUMOCTH
OT BXOJHBIX MapaMeTpoB BblUUCIsAeTCS 189
3HAYEHUM BEPOATHOCTU P, KOTOpBIE MOYKHO
paccMaTpuBaTh Kak pe3ysbTaT padoThl OT-
JeNbHBIX TecToB. B Tabn.l mpuBoasrcs co-
OpaHHbIE JaHHBIE 110 BCEM TECTaM C YKa3aHU-
€M KOJINYECTBA 3HAYEHUH, KOTOPBIE BBHIYMCIIA-
I0TCS, BEpOSITHOCTH P, (usmyeckoro coxep-
YKaHHUS CTAaTUCTHKH TecTa M Je(eKTa Ha BbISB-
JIEHUE, KOTOPOTO HaIlpaBJIEH TECT.

Takum oOpa3om, B pe3yibTaTre TECTUPO-
BaHUs JBOWYHOHM MOCJIEN0BATEIBHOCTH (Op-
MHUPYETCS BEKTOp 3HAUEHUN BEPOSATHOCTH.
AHanu3 COCTaBISAIOIIMX 3TOrO BEKTOPA I03-
BOJISICT yKa3aTh HA KOHKPETHbIE 1€()EKTHI CITy-
YalfHOCTH TECTUPYEMOIl OCIIEI0BATENILHOCTH.
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Tadauua 1 — Habop cratuctuaeckux tectoB NIST STS
Table 1 — NIST STS Statistical Test Suite

Ne | Cratuctrueckwmii .
CraTtucTturka Tecrta BrisaBissembrit nedext
n/m TeCcT
YacToTHBII HopmanmmnzoBannas abcomoTHas .
N . ChumkoM MHOTO HyJIeH WITH eQHHULT
1 (MOHOOUTHBIH CyMMa 3HA4€HHUH 2JIEMEHTOB MOCIIe-
B MIOCTIEI0OBATEIILHOCTH
TECT) JIOBaTEeITbHOCTH
YacrotHslii TecT | Mepa cornacoBaHHOCTH KonudecTBa | Jlokann3oBaHHBIC OTKIIOHEHUS Ya-
2 (B cepenune 6110- €IIMHHULI, KOTOpbIe HaOII0JaI0TCs C CTOTHI ITOSIBIICHUS €IUHUI] B OJIOKE
Ka) TEOPETUYECKU OKUIa€MbIMHU. OT UJIeaTHFHOTO 3HAYCHUS S
MaxkcumalbHOE OTKJIIOHEHHE 3HaYe-
N . Bornpioe konu4ecTBO eAUHUI] T
[IpoBepka HaKOM- | HHI HAKOIICHHOW CYMMBI 3JIEMEH- N
3 HyJIel B Hayalle UM B KOHIIE JBO-
JICHHBIX CyMM TOB TIOCJIEJIOBATEIBHOCTH OT UCXOJI- .
. WYHOH MOCIIeI0BATETbHOCTH
HO¥ ToukH otcyera (Touka 0)
. N CrummkoM OBICTPOE WITH CITUIIIKOM
. | OGO1iee KOIMYECTBO Cepuil Ha Beel
4 IIpoBepka cepuit MeJIeHHOE U3MEHEHHE 3HaKa B XO71e
JUTHHE TI0CJIeI0BATEIbHOCTH
TeHepalliy MOCIIeI0BATEIEHOCTH
IIpoBepka mak- Mepa coriiacoBaHHOCTH 3HAaUECHHI
N . OTKJIOHEHHE OT TEOPETHIECKOTO
CUMAaJIBHOM JUTH- MaKCUMAaJIbHON JJIMHBI, KOTOPHIS
5 3aKOHA pacIpeneIeHUsT MaKCHMalTb-
HBI CEpHH B 0J0- | HaOJIIOJAIOTCS C TEOPETUUECKH OXKHU- N
HBIX JIJTUH CEPHIA eIMHUII,
Ke. JTAEMBIMHU.
OTKJIOHEHNE SMITUPUYIECKOTO 3aKOHA
Mepa cortacoBaHHOCTH 3HAYESHHS .
IIpoBepka panra pacnpeneneHus 3Ha4YeHUM paHroB
. HaOII0aeMBIX PAHTOB Pa3IMIHOTO
6 JIBOMYHOU MaT- MaTpHI] OT TECOPETUUECKOTO, YTO
MOPSAJIKA C TEOPETHUECKH OKUAae-
PUILIBI ML YKa3bIBaeT Ha 3aBUCUMOCTh CUMBO-
’ JIOB B MTOCJIEI0BATEIbHOCTH.
CrexTpanbHbIi
HopmannsoBaHnHast pa3HOCTb KOJIH-
aHaJIN3 Ha OCHOBE BrisiBiiene mepuoInIecKux co-
YecTBa HAOJI0JaeMbIX YaCTOTHBIX .
7 JIUCKPETHOTO CTaBISIONUX (TPEHIOB) B ABOMYHOM
KOMIIOHEHT C O’KHIa€MBIMH, TTPEBbI-
npeoOpazoBaHus N MOCIIEI0BATENBLHOCTH.
marommu 95% ypoBeHb mopora
Dypbe
Mepa coriiacoBaHHOCTH KOJIMYECTBa
[TpoBepka mab- bonpiioe xonuuecTso
Ha0JII0JTaeMbIX [1a0JI0HOB, KOTOPBIC o
8 JIOHOB, KOTOpBIE M-OWTHBIX CEpHii U3 €ANHUIL B TIO-
MIEPEKPHIBAIOTCSI, B TIOCIICI0BATEIb-
MIePEKPBIBAIOTCS CJIEIOBATEIHHOCTH.
HOCTH C TEOPETUIECKUM 3HAUCHHUEM.
9 YHuBepcaibHBII Cymma norapudma pacCTOSTHUS Bo03MOXHOCTH CKaTHS MTOCIIEN0BA-
tecT Maypepa Mexy | -ONTHBIMI TITa0IOHAML. TEIBHOCTH.
Mepa coritacoBaHHOCTH HaOmonae- | HepaBHOMepHOCTh pacnpeeneHus
10 OHTPONUHHBIN | MOTO 3HAYEHUS SHTPOITMU UCTOYHUKA | M-OUTHBIX CJIOB B IIOCIIEIOBATEIh-
TeCcT C TeM, 4TO TEOPETHUECKH OKUAAETCS | HOCTHU (PEryisipHOCTh CBOWCTB HC-

JJIsL cnyqaﬁHoro HCTOYHHKA.

TOYHHKA)
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Ne | Cratuctrueckwii .
CraTtuctuka Tecta Brisisiembrit nedext
n/m TecT
Mepa coritacoBaHHOCTH HaOJrO1ae-
OTKIIOHEHHE OT TEOPETUIECKOTO
[IpoBepxa ciy- MOTO KOJIMYECTBA BU3UTOB TIPH CITy-
. . 3aKOHA paclpe/elICHUs] BU3UTOB B
11 | yaltHBIX OTKJIOHE- gaitHOM OJTy>KIaHUU 33JJaHHOE CO-
. KOHKPETHOE COCTOSHUE IIPH CITY-
HUH CTOSIHUE B CEpEIMHE IUKIIA C TEM, N
YaifHOM OJy>XTaHUU
YTO OKUAAETCS TEOPETUIECKH
OTKIIOHEHHE OT TEOPETUUECKHU OXKH-
IIpoBepka ciy-
. O011ee KOTUYECTBO BU3UTOB NPH JAeMOTO O0IIEero KOJINYecTBa BU3H-
12 | 4aliHBIX OTKJIOHE- . .
N CITydaifHOM OJTy>KJaHUH TOB TP CITy4aifHOM ONTy>KIaHHUU B
HUH (BapHaHT)
3aJJaHHOE COCTOSIHUE
Mepa coriacoBaHHOCTH KOJIHYECTBA
HepaBHOMEPHOCTD pacnpeeneHus
[TocnenoBarens- HaOII0gaeMbIX M-OUTHBIX mabio-
13 N . M-OUTHBIX CJIOB B IOCJIE0BATEID-
HBII TECT HOB, KOTOPBIE BCTPETUIIHCH C TOMH, HOCTH
YTO OXKHUIAETCH TEOPETHIECKHU.
Bonpias crerneHs cxkaTs Mocieno-
IIpoBepka cxaTus
BaTENBHOCTH, YTO TECTHPYETCS O
COTJIACHO aJIro- KonmuecTBo B ocnenoBaTeIbHOCTH
14 YPaBHUBAHUIO CO CTENEHBIO CXKATHS,
putmy Jlemmens- pa3IMYHBIX CIIOB N
3usa YTO OXKHUAACTCS IS Cy4YaitHOH 1o-
CJIEIOBATEIHHOCTH.
[Tposepka mab- Mepa coritacoBaHHOCTH HabJrO1a€e-
Bonpiioe konnyecTBO 3aJaHHBIX
JIOHOB, KOTOPHIE | MOTO KOJHUYECTBA HETIEPUOANYECKUX
15 HETePHOANYECKUX NIa0JIOHOB B TMO-
HE TIEpEKPHIBAIOT- | MIAOJIOHOB B TIOCIEIOBATEIHLHOCTH C
CJIeI0BATEIbHOCTH.
cs TEOPETHUECKUM 3HAUCHUEM.
OTKIIOHEHUE SMIIUPUYECKOTO pac-
TIpeIeICHuUs JJINH SKBUBAJICHTHBIX
Mepa cortacoBaHHOCTH HabIr0/1a€e- o
. JIPP ju1s1 mocnenoBaTenbHOCTEN
MOTO KOJIMYECTBA COOBITHIA, KOTOPBIE .
[IpoBepka nu- (hUKCUPOBAHHOM JUTUHBI OT TEOPE-
o 3aKIIIOYAIOTCS B TOSBIICHUN (PUKCH-
16 | HEWHOI CIOXKHO- TUYECKOTO 3aKOHA pacrpe/ielleHus

CTH

POBaHHOW TMHBI SKBUBAJICHTHOT'O
JIPP ans 3amanHOTO OJ0KA C TEOpE-
THYECKHAM.

JIISL CIIy4aiHOM Mmociie0BaTeNbHO-

CTH, UTO YKa3bIBaCT Ha HEJIOCTATOY

HYIO CJIO)HOCTh TECTUPYEMOH TI0-
CJIEJIOBATEITHHOCTH.

O IIPOXOKACHUNU CTATUCTHYCCKOI'O TECCTHUPOBA-
HUS TNPUHUMACTCA B Cliydac, CCJIW BBIIIOJIHSA-

B coorBeTcTBHE C MCTOHHKOﬁ PCUICHUC

I0TCSl IPAaBUJIA!

1. IlpaBuno. [Ipouuio TectupoBaHue No BCEM

g Tecram, (q:1’189), U €CJIM 3HAYCHHE KO-
s dunmenTa i HaXOAUTCS BHYTPH JOBE-

putensHOro uHTepBana [0.96, 1.00];

100

eTcs yCIOBHE

MO3BOJIIET  PELIUTH

2. TlpaBuno. [Ipouwio TecTupoBaHue Mo BCEM

g TecTam, (q:1»189), W €CITU ISl BCEX Te-
CTOB TI0 KpuTepuio y>-IlupcoHa BBITIONHS-

P(z?)>0,0001

Takum 00pa3zom, MmpeiaraeMblii maker

aKTyaJbHYI0 Hay4HO-
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MPaKTUYECKYI0 3a/Jady OLIEHKH CTaTHCTUYe-
ckoit crorikocty I' TICY Ha m-MYHBIX KOJAX.

B crathe maHa olleHKa CTATHCTHYSCKOM
0€30IacCHOCTH T€HEPaTOPOB Ha M-HYHBIX KO-
nax Ha ocHoBe mmakera NIST 802STS.

Jnst mpoBeneHHs] 3KCIIEPUMEHTATbHBIX
UCCJICIOBAaHUM CBOMCTB pa3pabOTaHHBIX KOJO-
BBIX KPHIITOCHCTEM pa3paboTaHa MpOrpaMM-
Has peanu3amus MPeIOKEHHBIX CPEJICTB 3a-
muTel uHGopManmu [1, 7, 8]. Onucanue mpo-
rPaMMHOI0 TaKeTa, PEeAM3yIOIIEro KOJOBbIC
KPUITOCUCTEMBI, IPUBEICHO B IPUIIOKECHUH.

[Ipy BBINOJHEHUWU TECTUPOBAHUS BbI-
OpaHBbI CIeYIONINE TapaMeTPhI:

- JJIMHA TECTUPYEMOW MOCIIeI0BATEIbHOCTH
n =10° 6ur;

- KOJMYECTBO TECTHPYEMBIX IOCIEI0Ba-
tenpHOCTEH M=100. Takum obGpazom, 00b-
€M  TeCTUPYEeMOU COCTaBHUJI
N=108 x100=108 6ur;

- ypoBeHb 3HaunMocTtu o, =0.01;

BBIOOPKU

- KOJIMYeCcTBO TecToB ( =189.

Pa3zpaOoTka mporpamMMHOI peanuzanuu
I'TICY ¢ ncriosnb30BaHUEM NPEATIOKEHHBIX Me-
TOZOB II03BOJIAET IPOBECTU CTATUCTUYECKUE
UCCIIEIOBAaHMSI CTOHKOCTH, a Takxke ChOopMH-
poBaTh OMOIMOTEKM I UX MPAKTHYECKOIO
ucrnonb3oBanud. Ha puc. 1 u 2 npencraBieHbl
CKPUHIIOTHl TpPEeIaraeMbIX IOAXOA0B TIO-

CTPOCHHUA TCHCPATOPOB HAa M-HWYHBIX KOJaxX

0e3 o0paTHOI CBsI3U M ¢ OOpaTHON CBSA3bIO.
HavanbHble 3HaueHUs perucTpa cABUra U 3Ha-
YeHUs1 0OpaTHON CBSI3U MPEACTaBISIOT COOOM
yucia He Gomee 2%1-1, Tak Kak HCIONb3yeTCs
pPEerucTp cABMra IO MOJYJIIO MPUMUTHUBHOIO
MHorounena g(x)=x?+x?+1. Peructp cpusura
HE MOKET ObITh paBeH 0, B CBA3M C HEBO3MOXK-
HOCTBIO €ro padoThl. C HUCIIOJIB30BAHUEM pa3-
paboTaHHON MPOrpaMMHOI peanu3aiuu npea-
noxkeHHbIX TeHepartopos [1CY [4—6] npoBeném
HKCIEPUMEHTAIbHbIE HCCIIEJIOBAHUS CTaTH-
cTuueckoil 6e3omacHocTd 1o meroxuke NIST
STS, a Takxke BBIIOJHUM CpPaBHHUTEIbHbIE HC-
CJIEJOBaHMsI C U3BECTHBIMU I€HEPATOPAMH.

Ha#aTE 017 PACCHETA

CEKPETHEIM KK PETHCTRE CAEMa (uncno He Gones 2097151

12031

Pucynox 1 — IlporpammHas peanusanusi resepa-
TOpa Ha M-WYHBIX KoJiax 06e3 00paTHOI CBs3H
Figure 1 — Software implementation of the genera-
tor on m-ary codes without feedback

H3#ITE 004 PAcCHETa

HayaneHoe sanoiHEeHWE perMcTpa CAEMra [JMcno He Gones 2097151]

120371
CerpeTHoe SHaYSHME OOPATHOMN CEASH

129354

Pucynoxk 2 — [IporpammHas peanusanus reHepaTopa Ha m-U9HBIX KOJIaX ¢ 00paTHOM CBSA3BIO
Figure 2 — Software implementation of the generator on m-ary codes with feedback
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Ha puc. 3, 4 npeacraBieHbl CTaTUCTHYE-
CKHE TIOPTPETHI UCCIIEAYEMBIX T€HEPaTOPOB Ha
M-MYHBIX KOJAX.

L 1
=

T 0,99

=

é 0,98 -ese00eone

%0,97 600 06—

50,96 * *—o—¢

N 0 50 100 150 200

Howmep Tecta

Pucynok 3 — Cratuctuueckuii mopTpeT TeHepaTo-
pa Ha U30BITOYHBIX OJIOKOBBIX KoAax 0e3 oOpaTHOM
CBSI3H

Figure 3 — Statistical portrait of the generator on
redundant block codes without feedback
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Pucynok 4 — CtaTucTUYeCKHil IOPTPET TCHEPATO-
pa Ha M30BITOYHBIX OJIOKOBBIX KOJax C OOpaTHOH
CBSI3BIO

Figure 4 — Statistical portrait of the generator on
redundant block codes with feedback

Ha puc. 5-13 npencraBieHbl CTaTHCTH-
YECKUE NOPTPEThl HEKOTOPHIX HM3BECTHBIX Te-
HepaTopoB (Ha ocHoBe anroputma SHA-1, nu-
HEWHBIN KOHTPY HTHBINA T'€HEPATOP, TEHEPATOP
Mukanu-IITHopa, KBagpaTUUHBIA KOHTPYIHT-
HBII FeHepaTop, TeHEepPaTopbl Ha OCHOBE aJlro-
putmoB DES u 3-DES (tpoitnoro DES), rene-

patop BBS, G using DES, noka3zyemo cToii-
kuit reaeparop GPSSD Ha M30BITOUHBIX KOJIAX
(McToNb30BaHHBIN B AMCCEPTAILIIOHHON padoTe
KaK METOA-TIPOTOTHII)).

Takum oOpa3om, B pe3yibTaTe TECTHPO-
BaHMs JIBOMYHOW IOCJIEIOBATEILHOCTH (Op-
MHUPYETCs] BEKTOP 3HaYEHUIN BEPOSITHOCTH.

AHaiIM3 COCTaBJISIOUIMX  3TOr0 BEKTOpa
MO3BOJIIET yKa3aThb Ha KOHKPETHBIE Ne(EeKTHI
CIIy4ailHOCTH TECTUPYEMOIl MOcie10BaTelNb-
HOCTH.
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Pucynok 5 — Cratuctuueckuil nopTpeT reHeparo-
pa Ha ocHOBe anropurMa SHA-1

Figure 5 — Statistical portrait of the generator
based on the SHA-1 algorithm
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Pucynox 6 — CTaTuCTHYECKHNA MTOPTPET JIMHEHHO-
ro KOHI'PY9HTHOI'O reHeparopa

Figure 6 — Statistical portrait of a linear congru-
ential generator
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Pucynox 7 — CraTucTudyeckuil mopTpeT reHepaTo-
pa Mukanu-IlTnopa

Figure 7 — Statistical portrait of the Mikali-Shnor
generator

0,98 H¢#S
0,93
0,88
0,83
0,78
0,73
0,68
0,63
0,58

PN
b
b 4
L 4
L 4

.3

Joist mpoxoxKaeHUS

ye

0 20 40 60 80 100 120 140 160 180 20(
Howmep Tecta

Pucynok 8 — Craructuueckuil mOpTpeT KBajpa-
TUYHOI'O KOHI'PYSHTHOI'O T€HEPATOpa

Figure 8 — Statistical portrait of a quadratic con-
gruential generator
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Pucynok 9 — CtaTucTHYECKHA TTOPTPET TCHEPATO-
pa Ha ocHOBe anroputma DES

Figure 9 — Statistical portrait of the generator
based on the DES algorithm
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Pucynoxk 10 — Craructuueckuil mopTpeT reHepa-
TOpa Ha ocHoBe anroputMma 3-DES

Figure 10 — Statistical portrait of the generator
based on the 3-DES algorithm
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Pucynok 11 — Cratuctudeckuii mopTpeT reHepa-
Topa BBS

Figure 11 — Statistical portrait of the BBS genera-
tor
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Pucynok 12 — Cratuctudeckuii mopTpeT reHepa-
topa G using DES

Figure 12 — Statistical portrait of the generator G
using DES
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Pucynok 13 — CraTuctuyeckuii mopTpeT M0Ka3zy-
€MO CTOMKOTO TeHepaTopa Ha M30BITOYHBIX KOJax
(MeToA-pOTOTHI)

Figure 13 — Statistical portrait of a provably stable
generator on redundant codes (prototype method)

AHanu3 MPUBEJCHHBIX JTaHHBIX MMOKA3bI-
BA€T, UTO CTATUCTUYECKHUE TOPTPETHI MPEII0-
KEHHBIX T€HEPAaTOPOB Ha U30BITOYHBIX OJIOKO-
BBIX KOJIaX HE YCTyHalOT MO0 CBOMM CBOMCTBaM
JTy4YIINM H3BECTHBIM TeHepaTopam. Tak, s
chopmupoBanHbiXx [ICH HET CTaTHCTUYECKUX
TECTOB, KOTOpPhIC ObLTH OBI TPOIICHKI C BEpPO-
saTtHOCTBIO Hibke 0,96. OcHOBHAs 4acTh TECTOB
MPOJICHa C OYEHb BBICOKO BEPOSTHOCTHIO,
omuzko k 1. OkoHuUaTenbHBIE PE3YIbTATHI
tectupoBanud 1o meroauke NIST STS crene-
HBbI B Ta0JI. 2, B KOTOPOW NMPHUBEIEHBI KOJIHYC-
CTBa ([10JIs1) TECTOB, B KOTOPHIX TECTUPOBAHUE
MpoLLIO C BepoIATHOCThIO >0,99; >0,96 u <
0,96.

Tabauuma 2 — Pe3ynbTaThl CPaBHUTEIBHBIX HCCIIEOBAHUN CTATUCTHYECKON O€30MacHOCTH MPEIOKEH-

HBIX U HCKOTOPBIX U3BCCTHBIX I'CHEPATOPOB

Table 2 — Results of comparative studies of the statistical safety of the proposed and some known genera-

tors
KonnuecTBo TECTOB, B KOTOPBIX TECTUPOBAHUE MPOILLIO0 M
No | Teneparop nceBaociay4yailHbIX M- nocinenoBatenbHocTel (%)
w/n cet M > 99% M > 96% M < 96%
1 | Gusing SHA-1 122(65%) 188 (99,5%) 1 (0,5%)
2 | Linear Congruential 139 (74%) 189 00%) -
3 | Micali-Schnorr 130 (69%) 189 00%) -
4 | Quadratic Congruential 124 (66%) 181 (96%) 8 (4%)
5 | Gusing DES 142 (75%) 188 (99,5%) 1 (0,5%)
6 | ANSI X9.17 (3-DES) 121 (64%) 187 (98%) 4 (2%)
7 | BBS 134 (71%) 189 00%) -
8 | Gusing DES 142 (75%) 188 (99,5%) 1 (0,5%)
9 | GPSSD (meToa-npoTOoTHII) 140 (74%) 189 00%) -
10 Y coBepIIEHCTBOBAHHBIN T'eHepaTop 140 (74%) 189 00%) 3
Ha U30BITOYHBIX OJIOKOBBIX KOJAX
IIpennoxxeHHbI reHepaTop Ha W3-
11 | OBITOYHBIX OJOKOBBIX KOAAX C IO- 142 (75%) 189 (100%) -
BBIILICHHOW JAJTMHOM nepuoaa
AHanu3 pe3yJabTaTOB TECTUPOBAHUS,  3aTENSAMHM  CTAaTHUCTUYECKON  0€30macHOCTH.

CBCACHHBIX B TaOII. 2., IMOKa3bIBACT, UTO IPCIa-
JIO)KCHHBIC I'CHCPATOPLI Ha M30BITOYHEIX OJI0-
KOBBIX KOAaX O6J'I8.,HaI-OT YIYHYLIICHHBIMH ITIOKa-

OHM MMEIOT OJJHO U3 HAUOOJIBIIMX YHCIIO (J10-
JII0) TECTOB, MPOLIENNINX MO0 Haubojee KecT-
KOMY KpPHUTEpUIO ¢ BeposTHOCTHIO >0,99 u He
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YCTYIaOT TAKUM U3BECTHBIM T'€HEpaTopam Kak
reHeparop BBS u HanumoHanpHBINA anroputm
mudposanus CIIIA B pexxume cueTunka.

B T1abn. 3 npuBeaeHbI pe3ynbTaThl KC-
MEPUMEHTaIbHOW OLIEHKH OBICTPOJICHCTBUS
pa3paboTaHHON MPOTrpPaMMHON peanu3aluu
I'TICY Ha m-MYHBIX KOJAX U CPAaBHUTEJIbHbIE

UCCJIEIOBaHMs C MPOTrPAaMMHBIMHU pean3aliu-
MU H3BECTHBIX TI'€HEPaTOPOB. DKCIIEPUMEH-
TajbHasl OLIEHKa MpoBOAMJIACH C (UKcanuen
BpeMenu ¢opmupoBanus [ICH — 1 cyrtkwu, 3a-
MepsiIach JIMHA c(hOpMUPOBAHHON IMOCIENO-
BaTEJIbHOCTH, IIOCJIE€ YEr0 pPacCUUTHIBAIOCH
cpeanee BpeMs popmuposanus [1CY.

Ta6auna 3 — Pe3ynbTaThl CpaBHUTENBHBIX UCCIIEIOBAaHUHN OBICTPOICHCTBHUS MPEIIOKEHHBIX U HEKOTOPBIX

H3BCECTHBIX 'CHEPATOPOB

Table 3 — Results of comparative studies of the performance of the proposed and some well-known

generators
BricTponeticTBue reneparopa
I'enepaTop nceBaocIy4alHbIX YHUCEI
AobcomtoTHoe 3HaueHne| OTHOCUTENFHOE 3HAYCHHE
BBS 3,6-10° 6ur/c 219444
FIPS 197 7,9-107 6ur/c 1
Micali-Schnorr 1,1-10° 6ur/c 718
GPSSD (MeToi-IpoTOTHI) 3,29-107 6ut/c 2,4
Y coBepIIeHCTBOBaHHEIN TeHepaTop Ha M30BITOY- 2.96-107 Gur/c 2.7
HBIX OJIOKOBBIX Kogax
IIpenioxkeHHbIi reHepaTop fIa I/I361)IUTO‘IHI>IX 610+ 2.86-107 Gu/c 28
KOBBIX KOJIaX C MOBBIIICHHON JJIMHOM nepruoaa

KonkpetHass mporpaMMHasi peanu3anus
I'TICY HOCHT CyOBEKTHBHBIM XapakTep U He
MOXET CIYXHUTb OOBEKTUBHON OILIEHKOH HX
obIcTpozeiicTBUd. B Toxe Bpems, CpaBHHU-
TEJbHBIE OLEHKH OBICTPOACHUCTBHSI HECKOJb-
KX TEHEpaToOpOB, pEaJU30BAHHBIX OIHUM
MPOTPAMMHUCTOM Ha OJHOW BBIYMCIUTEIHLHOU
wiatopMe ¢ MCMOJIB30BAaHUEM OJIHOM Cpejibl
pa3paboTKH, MOTYT MPETeHI0BaTh Ha OOBEK-
TUBHOCTb. C IIENIBI0 aIeKBaTHOI'O CPAaBHEHUS
OBICTPO/CHCTBUS MPOTPAMMHON peanu3aiun
HCCIIEAYEMBIX T€HEPATOPOB B IIOCIEAHEN Ipa-
de TabnuIbl TPHUBEIACHBI OTHOCUTEIHHBIE
OLICHKH, TOJy4YEHHbIE Yepe3 OTHOLIECHUE MakK-
CUMaJIbHOM IPOU3BOAUTEIBHOCTH M HUCKOMOM
MIPOU3BOAUTENIBHOCTH PACCMATPUBAEMOIO Ie-
HepaTopa. MHMHMMalbHOE 3HAYEHHE OTHOCHU-
TEJIbHON OLIEHKHM pPaBHO 1 M COOTBETCTBYET
Haubosnee ObICTpOMY TeHepaTopy. YBelaude-

HHE OTHOCHTEIILHOM OLICHKU COOTBCTCTBYCT

CHIKEHMIO OBICTPOJIEHCTBHSI 110 CPABHEHUIO C
caMbIM ObICTpBIM TreHepartopoM. CobcTBeHHOE
3HAYEHWE OTHOCUTEIBHON OIIEHKH COOTBET-
CTBYeT KOX(POUIMEHTY NPOMOPLHHUOHATIHHOTO
CHIDKEHHUS OBICTPOJIEHCTBUS paccMaTpUBaeMo-
ro reHeparopa (MO CpaBHEHHIO ¢ Haubolee
OBICTPO peau3aImei).

Kak crnenyer n3 npuBefieHHBIX B Ta0id. 3
3HAYeHUH HaMOOJIBIIYIO MPOU3BOAUTEIBHOCTD
MoKa3ajl TeHepaTop Ha OCHOBE aJIrOpHUTMa
mmdposanus FIPS 197 (naumnonansHbIN anro-
putM mm¢ppoBanus CIIA). Bropem mo moka-
3aTeNsiM OBICTPONEHCTBHS SIBISCTCS JOKazye-
MO CTOMKHMI T€HEepaToOp Ha OCHOBE H30BITOU-
HBIX OJIOKOBBIX K0/0B (TeHeparop GPSSD),
HCIIOJIB3YEMBIM B JaHHOW paboOTe B KavyecTBE
MeTtoaa-npototuna. CHuXeHue ObICTpoaeH-
ctBus 1o cpaBHeHuto ¢ FIPS 197 cocraBmiio
2,4 pa3a, 4T0 OOBSICHIETCS YBEIUYCHUEM YHC-
Ja BBIMOJTHAEMBIX Omnepanuii Hajx dopmupye-

105



Azarbaycan Miihandislik Akademiyasinin Xaboarlori
2023, cild 15, M 4, s. 96-107
Rzayev X.N, Bagirov E.Y., Mommadov M.F.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 4, pp. 96-107
Rzaev Kh.N, Bagirov E.Y., Mammadov M.F.

MOH TIOCJIEIOBATEILHOCTHIO B IIEMU 00paTHOM
cBsa3u. Cnenyromuil (TpeTuii) mo ObICTpOAEH-
CTBHIO OKa3aJiCi YCOBEPILIEHCTBOBAHHBIN TIe-
Heparop. On mennennee FIPS 197 B 2,7 pazau
NPAaKTUYECKH COMOCTaBUM IO OBbICTpOICH-
ctButo ¢ reneparopom GPSSD. Heckonbko
yCcTymaeT mo OBICTPOACHUCTBHIO MPEAIOKEH-
HBI TEeHepaTop Ha H30BITOYHBIX OJOKOBBIX
KOJIaX C MOBBIIMICHHON UIMHOM Mepuoja, OH
memienHee FIPS 197 B 2,8 pa3za. 3naunTenbHo
XYAIIMA pe3yibpTar mnokaszan reiepatop BBS,
KOTOPBIM NPaKTUYEeCKH Ha 4 MopsijiKa MeIJIeH-
HEE PacCMOTPEHHBIX BbllIE reHepaTopos. [lo-
no0OHasi HHM3Kas BBIYUCIUTENbHAS AP (HEeKTHUB-
HOCTh reHeparopa BBS o0bscHseTCs clloHO-
CTBIO MIPUMEHSIEMOI0 MaTEMaTUYECKOIO ara-
para.

JI0CTOBEpHOCTh MOJYUYEHHBIX pe3yJsbTa-
TOB U CHIEJaHHBIX BBIBOJIOB IOATBEPKAAETCS
CXO/IUMOCTBIO TEOPETUYECKHX PACUETOB C pe-
3yJbTaTaMu 3KcrepuMeHTa. Tak, B paszzene 3
II0Ka3aHo, YTO Ipu AnuHe nepuona L = 100 —
200 pa3paboTaHHbBIE aNTOPUTMBI (HOPMHUPOBaA-
Hus [ICY tpedyrot BbinosnHeHus ot 1,5 1o 2,5
orepanuii Ha onuH (opmupyemsrii out [1CY.
B TOoXe BpeMsi U3BECTHO, UTO I peaau3aluu
anroputma mudposanus FIPS 197 (6e3 yuera
BPEMEHHU pa3BOpauMBaHUs KIo4el) HeoOXo-
JUMO 3aTpaTUTh OKOJO 4 onepauuii Ha OJHO
32 OutHOoe cioBo (Ha omHOM payHnze). Ilpu
MUHHMMAaJIBHOM uuciie payHaoB 10 amroputm
FIPS 197 notpebyer oxoso 1,25 onepanuii Ha
o1uH ¢GopMupyeMsblii 6ut. Takum oOpazom, ¢
y4eToM paloThl ajJropuT™Ma pa3BOpaurBaHUA
KiIroyerd reHepatop Ha ocHoBe FIPS 197 u
IPEUIOKEHHBIE T€HEepaTophl 00JalaloT CpaB-
HUMOM BBIYMCIIUTEIBHOMN CIOXKHOCTBIO.

Takum oOpa3oMm, Kak IMOKa3zalu HpoBe-
JIEHHBIE UCCIIEJOBAHMsI, IIPEATIOKEHHBIE METO-

1b1 popmupoBanus [ICH Ha ocHOBE M30BITOY-
HBIX OJIOKOBBIX KOJOB 00JaJal0T BBICOKOM
3((PEKTUBHOCTHIO: IO CBOUM KpHUIITOTpaduye-
CKHUM CBOICTBaM U OBICTPOJCHCTBUIO OHU HE
yCTYHAIOT JIYYIIMM MHUPOBBIM aHalOTaM, OIH-
CBIBAIOTCSI MOJIETIBIO JI0Ka3yeMOM CTOMKOCTH,
JIETKO Peau3yloTCs B MPOrpaMMHOM M arlma-
paTHOM BHUJIE.

3akiaoveHue

[IpoBeneHHbIE 3KCIEPUMEHTATbHBIE HC-
CIIEIOBaHMsI CTOMKOCTH pPacCMaTpUBAeMbIX
TE€HEPATOPOB IOKa3alu, YTO T'€HEPAaTOphl Ha
M30BITOYHBIX  OJIOKOBBIX KOJax o001anaroT
yIy4IICHHBIMA TOKA3aTeIsIMH  CTaTUCTHYE-
ckoil OesomacHocTd. OHHM WMEIOT OJHO W3
HauOOJIBIIIUX YUCIO (JOJIF0) TECTOB, MPOIIE]I-
UX MO0 HanboJIee JKECTKOMY KPUTEPUIO C Be-
posiTHOCTBIO >0,99 M He yCTynmarT TakUM H3-
BECTHBIM IeHepaTtopaMm Kak reHepatop BBS u
HallMOHAIBHBIA anropuTt™ mudpoBanus CIIIA
B pexkuMe cueruynka. lMccrnenoBanus ObIcTpo-
JENUCTBUS TIPOrPaMMHOM peanu3aliy reHepa-
TOPOB Ha M30BITOYHBIX OJOKOBBIX KOJAaX U HE-
KOTOPBIX M3BECTHBIX I'€HEPATOpPOB (FeHEPaATOp
Ha ocuoBe FIPS 197, BBS) nokazamu, 4ro
pa3paboTaHHBIC AJITOPUTMBI  (POPMUPOBAHUS
IICY HU3KYI0  BBIYUCIIUTEIBbHYIO
CIIO)KHOCTh. brIcTponelicTBue (popmupoBaHus
[1CY npennokeHHBIMU T€HEpAaTOPAMH COCTaB-

HUMCIOT

7 108
aser 10° -10° Gur/c, uro comocraBUMO C
ObICcTpoAeiicTBUEM Hanbosiee OBICTPBIX OJI0Y-
HBIX cuMMeTpuuHbIX mudpos (FIPS 197).

Kondaukr uarepecon

ABTOpBI 3asBISIOT 00 OTCYTCTBHHM KOH-
(bIMKTa UHTEPECOB, CBSI3aHHBIX C MyOIUKAaIIU-
el TaHHOW CTaThU.
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Extraction of Gold from Sulfide and Sulfide-Polymetallic Ores from
the Lok-Garabagh Structural-Formational Zone of the Lesser
Caucasus

G.S. Guseynov, I.A. Mamedov, L.T. Teymurzade
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For correspondence:
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Abstract

As a result of studying the size of gold particles, it was found that the ores of the Gedabek deposit
contain both finely dispersed and coarser gold. Finely dispersed gold is extracted from ores by heap
leaching, and coarser gold by flatation. When studying polished sections, it was found that free and bound
gold is associated with the surrounding sulfide minerals - pyrite, chalcopyrite, arsenopyrite. In the
Gyzylbulag deposit, the size of gold is larger - 0.015-0.02 mm. Such gold is extracted from ores by the
method of flatation and gravity. The deposit contains quartz-pyrite-chalcopyrite, quartz-chalcopyrite and
chalcopyrite-sphalerite mineral associations. Of these, quartz-chalcopyrite is more productive for gold.
The Goshinsky gold deposit is usually found in early pyrite in a finely dispersed state (0.001-0.1 mm) and
is extracted from ores by agitation cyanidation. Dagkesaman deposit gold size varies within 0.001-0.025
mm extraction of gold from pyrite-polymetallic ores by gravity.

Key words: pyrites, gold, native gold, flotation, granulometric composition.
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Lok-Qarabag struktur-formasion zonasinda olan kol¢cedan vo kol¢cedan-
polimetal yataqlarimin filizlarindon qizilin ayrilmasi

Q.S. Hiiseynov, I.A. Mommadoyv, L.T. Teymurzadd
Azarbaycan Doviat Neft va Sanaye Universiteti ( Azadliq prospekti 16/21, Baki AZ1010, Azarbaycan)

Yazisma iiciin:
Teymurzads Loman / e-mail: lemanteymurzade@gmail.com

Annotasiya

Qiz1l hissaciklorinin odlgiilorinin  dyranilmasi noticasinde miisyyen edilmisdir ki, Godebay yataginin
filizlorinde hom inca dispers, hom do daha iri denali quzil zerraciklori méveuddur. inco dispers qizilin filizdon
ayrilmasinda topa aginma iisulundan istifade olunur. Cilalanmis ansliflori dyronarken miioyyon edilmisdir ki, sorbast
vo olagoali qizil sulfid minerallar1 - pirit, xalkopirit, arsenopirit ilo assosiasiyada olur. Qizilbulaq yataginda qizilin
Olgiisii daha boylkdir - 0,015-0,02 mm. Qeyd edilon yatagin filizinden qizilin filizdon ayrilmasindan flotasiya vo
gravitasiya tisulu ilo filizden ayrilir. Yataqda kvars-pirit-xalkopirit, kvars-xalkopirit vo xalkopirit-sfalerit mineral
assosiasiyalart ayrilmigdir. Bu assosiasiyalardan qizil ii¢iin kvars-xalkopirit daha mohsuldar hesab olunur. Qosa
yataginda qizil adaten ilkin piritds inca dispers halinda (0,001-0,1 mm) oldugundan filizdon sianitlogma tisulu ila
¢ixarilir. Dagkasamoan yatagiim qizilimimn 6lgtisii 0,001-0,025 mm daxilinds dayisir, kolgedan-polimetal filizindon
qizilin ¢ixarilmasi qravitasiya tisulu ilo hayata kegirilir.

Acar sozlor: kolgedan, qizil, sarbast qizil, flotasiya, qranulometrik torkib.
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N3BjieyeHue 30/10Ta U3 PyA KOJTYETAHHBIX U KOJTYeIaHHO-
NMOJIMMeETAJIHYEeCKUX MecTopoxaeHui Jlok-I"apadaxckoii

CTPYKTYpHO-(popManuoHHou 3061 Majsioro Kaskasa
I'.C. I'yceitnoB, U.A. Mamenos, JI.T. Teiimyp3ane

A3zepbatiodcanckuli 20cy0apCmeeHHbLL YHUsepcumem He@mu u npomviutiennocmu (np. Aszaonvie, 16/21, Baky,
AZ1010, Azepbatioacan)

g.ﬂﬂ NEPENMUCKN:

Teiimyp3zane Jlaman / e-mail: lemanteymurzade@gmail.com

AHHOTANUA

B pesynprare nzyueHus pa3MepoB YACTHIl 30J10Ta YCTAHOBICHO, YTO B pyrax I'enabekcKoro MecTOpoXKaeHUs
MIPUCYTCTBYET KaK TOHKOJMCIIEPCHOE, TaK U Oosiee KpyIHOE 30710TO. TOHKOAMCIIEPCHOE 30JI0TO M3BJIEKAETCS U3 Py
METOJIOM Ky4HOTO BBIIIEIauUBaHuUs O Oosee KpyrnHoe MeTooM ¢uotanuu. [Ipy n3ydenun aHnnmm$oB ycTaHOBIICHO,
4TO CBOOOIHOE W CBS3aHHOE 30JI0TO ACCOLMHPYETCS] C OKPYXKAIOUMMHU CyIb(OUAHBIMH MHUHEpaaMHd — THUPUTOM,
XaJIBKOTIMPUTOM, apceHOonupuToM. B I'bI3pIIOynmarckoM MecTopoXXIeHUH pazMepsl 30i0Ta Oonee kpynHbie — 0,015-
0,02 Mm. Takoe 30J10TO U3BJIEKACTCS U3 Py METOAOM (IOTALMK U TPAaBUTANH. Ha MecTOpOXK/IeHNN UMEIOTCS KBapIl-
MTUPHUT-XAJIBKOIIMPHUTOBAS], KBApPI-XaJIbKOMMPUTOBAs M XaJIbKONUPUT-ChaICpPUTOBass MUHEpaJbHbIE acconnanuu. M3
HUX OoJee MPOAYKTHUBHAs Ha 30JI0TO KBapl-Xajkomupurosas. Ha TommHCKOM MeCTOpOXIEHHEM 30JI0TO OOBIYHO
HAXOAWTCS B pPaHHEM Mupute B ToHKoxucmepcHoMm coctosHuu (0,001-0,1 MM) W wW3BIEKaeTcs W3 PyI METOIOM
aTUTAI[IOHHOTO IHAaHUPOBaHM. Pa3meps! 30moTa JlarkecaMaHCKOTO MECTOPOXKACHUS BapbupyioT B mpenenax 0,001-
0,025 MM, u3BIEUEHHUE 3070TA U3 KOTUEIaHHO-TOJIMMETAIIIMIECKUX Py IPOUCXOAUT METOAOM I'PaBUTALINH.

KunroueBble ciioBa: KOITYeNIaH, 30JI0Ta, CAMOPOJHOTO 305I0Ta, (JIOTAIMs, TPAHYIOMETPHUCCKHI COCTaB.
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Introduction

The Lok-Garabagh structural-
formational zone (SFZ) occupies the
northeastern part of the Lesser Caucasus and
covers certain ore regions in the territory of
Azerbaijan, where a number of gold-bearing
deposits of pyrite formations - Gedabek,
Gyzylbulag, Gosha and Dagkesaman are
located.

As it is known, the effective extraction of
gold from gold-bearing pyrite deposits of
significant change depends on a number of its

typological and morphological features,
including the size of gold particles
(granulometric  composition),  gold-bearing

mineral associations and occurrence forms.

Taking into account the above, based on
our own factual materials and mineralogical
studies the granulometric composition and
gold-bearing mineral associations, have been
studied which are of great practical
importance in the extraction of gold from the
ores of the described deposits. The results
obtained give us the opportunity to choose the
right technological scheme for the extraction
of gold from ores of pyrite and pyrite-
polymetallic deposits of this structural-
formational zone.

As it is known, the particle size of gold
in ores varies from fractions of a millimeter to
tens, rarely larger. Its size depends on a
number of factors: the amount of gold carried
by gold-bearing solutions to the place of their
discharge, the composition of solutions, the
physicochemical conditions of gold deposits,
etc.

At the Gedabek deposit, it has been
found out that the size of gold varies over a
wide range from finely dispersed to coarser.
Finely dispersed gold, having a dimension of
0.01-0.005 mm, is not captured under a

microscope, even in an electron microscope
with its maximum magnification, its
determination is difficult. Only analytical
studies allowed to reveal its presence in
quartz-pyrite types of ores. Currently, gold is
extracted from the named ores of the Gedabek
deposit using the heap leaching method.

Larger gold is noted in the pyrite-
chalcopyrite-sphalerite association, which is
productive for gold. The sizes of native gold
here are variable and range from 0.01-0.3 mm.
This is probably due to the redeposition and
enlargement of fine and finely dispersed gold
found in ores of the early quartz—pyrite
association [2]. Native gold of this size (0.01-
0.3 mm) is easily captured by gravity and
flotation.

Gold taken from samples of various
types of ores is characterized by larger
segregations (0.01-2.5 mm, in some cases up
to 3.0 mm).

Thus, as a result of studying the size of
gold particles, it has been determined that both
finely dispersed and relatively coarse gold are
present in the ores of the Gedabek deposit.
This is, apparently, explained by the non-
simultaneous formation of the main masses of
gold particles and its participation in various
mineral parageneses [4]. These large
segregations of gold are extracted from
various types of ores by the flotation method.

Gold-bearing mineral associations. The
study of the mineral association of gold with
the surrounding sulfide minerals is of great
practical importance when extracting it from
gold-bearing sulfide ores, and is also
important for developing search criteria for
these deposits. As it is known [4], the
dominant mineral associations of gold in all
genetic types are associated with sulfides and
quartz, where gold is usually xenomorphic.
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When studying polished sections made from
primary and oxidized ores, it was determined
that free and bound gold associates with the
surrounding sulfide minerals - pyrite,
chalcopyrite, arsenopyrite, chalcocite.

The data obtained are also confirmed as
a result of rational analysis.

Thus, as a result of this analysis, it was
found out in the ores of the Gedabek deposit,
the predominant amount of gold is in the free
state (43.0%) and in intergrowths with late
sulfide minerals (pyrite, chalcopyrite) 45.3%.
The content of gold in iron hydroxides and
sulfide minerals is low (4.8 and 6.6%,
respectively), and in quartz - 0.3% (Table 1).

Table 1 - Results of phase analysis of noble metals (according to A.Z. Akhmedov, A.V. Shibaeva 2015)

Forms of finding precious metals Absolute content, g/t alztrrelf)g/zlon
: Au Ag Au Ag
1 |Free with clean surface 4,25 2,52 43,0 8,3
2 |In intergrautes with an open surface 4,48 3,32 453 10,9
3 |Contained in iron hydroxides and carbonates 0,47 18,85 4.8 62,0
4 |Contained in sulfide minerals 0,65 5,08 6,6 16,7
5 |Contained in quartz 0,03 0,64 0,3 2,1
Total: 9,88 30,41 100 100
The studied ore, after the removal of  samples of crushed ores. It has been
free gold from it by gravity processes determined established that in polished

(settlement, enrichment at locks), can be
directed to flotation enrichment. Since the ore
contains gold embedded in sulfides (about
6.6%), flotation allows such sulfides to be
extracted into a concentrate. For the
processing of tailings of gravity and flotation
concentration of gold ores, well-known
methods of heap leaching can be used.

In general, considering the high content
of cyanidable gold, it can be assumed that the
most effective technological method for its
extraction is agitation leaching with weak
solutions of cyanide salt.

Granulometric composition of gold of
the Gyzylbulag deposit. The sizes of gold
grains from the ores of the Gyzylbulag deposit
have been studied from observations in
polished sections and the largest weight from

sections the dimension of gold ranges from
0.015 mm to 0.02 mm. Considering that the
probability of detecting large particles in
polished sections is low, it can be assumed
that the given sizes deviate from the average
ones to a smaller side and the average
statistical sizes of gold are actually 0.04-0.05
mm (taking into account the data obtained
from the samples). The particle size of gold
extracted from ore samples ranges from 0.1 to
2.0 mm or more. These dimensions, of course,
are not fully representative, since the smallest
particles are not removed during crushing and
washing.

The  obtained results on  the
granulometric composition of native gold can
be used when choosing a technological
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scheme for extracting gold from the gold-
bearing ores of the Gyzylbulag deposit.

Gold-bearing mineral associations. In
the composition of the ores of gold and gold
deposits, mineral communities of different
times (paragenesis) are  established,
representing equilibrium groups of minerals
that arise under certain narrow
physicochemical conditions of an intermittent
staged process of ore deposition [3].

The Gyzylbulag deposit has the
following stages of mineralization: quartz-
pyrite-chalcopyrite, quartz-chalcopyrite and
chalcopyrite-sphalerite. All named mineral
associations are gold-bearing. However, the
degree of gold content is different, more
productive for gold is quartz-chalcopyrite. As
a result of mineralogical studies, it was
determined that at this stage of mineralization,
gold is located inside chalcopyrite, as well as
in intergrowths with basic sulfide minerals.

Table 2 - The results of the phase analysis of the of the Gyzylbulagskoe deposits ores (according to A.Z.

Akhmedov and I.1. Rychkov, 1988)

Ne The form of finding gold and Distribution in % rel. | True content, g/t
silver Au Ag Au Ag
1 | Free gold with clean surface 17,2 1,8 0,78 0,12
2 | Inter growth of gold, silver sulfides 67,2 28,6 3,05 1,87
3 | Gold and silver in iron hydroxides 7,0 4,3 0,32 0,28
4 | Gold and silver embedded in sulfide 5.1 62,1 0.23 4,07

minerals

5 | Gold and silver in silicates and quartz 3,5 3,2 0,16 0,21
Total: 100,0 100,0 4,54 6,55

As at can be seen from the table,
according to the phase analysis with sulfides,
there is about 67% of gold, 17.2% is free gold,
extracted by amalgamation 7.0% in iron
hydroxides, 5.1% is contained in sulfide
minerals, only 3.5% of gold It is enclosed in
silicates and quartz and is not opened when
the ore is crushed to 0.074 mm.

It should be mentioned that in the
Gyzylbulag deposit, a small part of gold may
be in a finely dispersed form, or partially in a
chemically bound state in chalcopyrite. As is
known, early generation is constantly present
in pyrite deposits, represented by fine particles
dispersed in pyrite and arsenopyrite.

112

The granulometric composition of native
gold from the Goshinsky deposit was studied
using sieve analysis and in polished sections
made from primary and oxidized ores, as well
as from the oxidation zone.

As it a result of sieve analysis, it was
found that in the ores of the Gosha deposit, the
granulometric composition of native gold is
very variable (0.05-0.2 mm) in both primary
and oxidized ores enriched in gold.

In quartz-pyrite ores of this deposit, gold
is usually found in early pyrite in a finely
dispersed state (0.001-0.01 mm), which is
easily involved in the cycles of chemical
dissolution, migration and redeposition in ores
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and rocks. Relatively large segregation of gold
is noted in quartz-gold-telluride types of ores
(from 0.001-0.03 mm), where gold is closely
associated with late sulfides, including hessite.
Gold, in the oxidation zone, is characterized
by relatively large sizes (0.01-0.065 mm). The
enlargement of gold grains may be due to the
redeposition of finely dispersed gold from
sulfides of the early association.

According to the researchers [5],
mechanical enrichment methods can be quite
effectively used for the primary ores of this
deposit and the larger gold associated with late
sulfides is easily captured during gravity
enrichment, and combined technologies,
including, along with mechanical,
hydrometallurgical methods of opening raw
materials should be used for oxidized ores,
which are hard-to-enrich  mineral raw
materials.

Gold-bearing mineral associations. One
of the important factors for the technological
evaluation of gold ores is the location and
nature of the association of gold with various
sulfide minerals that make up these ores.

The locations of gold in the described deposit
are different: finely dispersed, free, bound (in
aggregates). As noted above, it is impossible
to detect finely dispersed gold in pyrite from
quartz-pyrite  types of ores under a
microscope.  However,  semi-quantitative
spectral analysis in the monomineral fraction
of pyrite revealed the presence of gold from
0.8 to 2.0 g/t. At the same time, individual
samples are characterized by higher contents
(10.0-12.0 g/t). Apparently, this is due to the
presence of later superimposed gold in some
pyrite crystals. The results obtained suggest
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that early pyrite contains gold and it is in a
finely dispersed state.

The studies carried out made it possible
to obtain new objective data confirming the
idea that submicroscopic gold is found in
pyrite in a finely dispersed state. The results of
technological research can be of great
practical importance for the development of
new rational schemes for the extraction of
dispersed gold from quartz-pyrite
concentrates. The results of the conducted
studies suggest that gold in this fuld was
deposited as part of mineral associations of all
stages of mineralization, and its largest
amount is related to with the initial stages of
ore formation. Here, finely dispersed and
binely visible gold was deposited during pyrite
crystallization. Gold of the late association has
a sharply subordinate significance and is
accompanied by hessite-petzite aggregates.
The data obtained are consistent with the
results of phase analysis of the ores of the
Gosha deposit. Thus, according to the data of
phase analysis [14], 59.7% of gold in the ores
of this deposit, is in easily accessible
aggregates, 11.9% in iron hydroxides
(goethite, hydrogoethite), and a small amount
(6.0%) in sulfide minerals and 4.5% in quartz
(Table 3). Table. 3 indicates that gold in the
primary ores of this deposit is largely
represented by easily accessible forms, which
make it possible to ensure relatively high rates
of their extraction by mechanical enrichment
methods. Thus, the nature of the ores, the
intergrowth of gold with late sulfides, and the
occurrence of microcracks in quartz and pyrite
testify to the superposition and later
manifestation of gold mineralization in the
Gosha deposit.
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Table 3 - Results of phase analysis of gold and silver of Gosha deposits (according to A.Z. Akhmedov et

al., 2002)
Distribution True content in g/m
NelForm of finding gold and silver in % rel.
Au Ag Au Ag
1. |Free with a clean surface 17,9 23,7 2,4 9,2
2. |Growth gold, silver sulfides 59,7 51,5 8,0 20,0
3. |Gold and silver in iron hydroxides 11,9 6,7 1,6 2,6
4. |Gold and silver enclosed in sulfide minerals 6,0 11,9 0,8 4,6
5. |Gold and silver in silicates and quartz 4,5 6,2 0,6 2,4
TOTAL: 100 100 13,4 38,8

Granulometric composition of native
gold of the Dagkesaman deposit. It is known
that the size of gold is one of the main factors
determining the technological scheme for
processing gold-bearing ore. Therefore, the
study of the granulometric composition of
native gold is of great practical importance.
Thus, relatively large gold is released from
other minerals during ore grinding, and the
resulting free gold particles are easily captured
during gravitational enrichment. Fine free gold
floats well and quickly dissolves during
cyanidation, but is almost not recovered
during gravity enrichment. Finely dispersed
gold, associated in most cases with sulfides, is
only slightly revealed during ore grinding.
Therefore, its bulk remains in mineral carriers,
most often in pyrite and arsenopyrite. Ores
containing such gold, as noted above, belong
to the category of refractory and are processed
by special methods [4].

When studying the granulometric
composition of native gold, polished thin
sections, as well as primary and oxidized ores

(from sample mills) were used. It has been
established that gold in primary ores is very
fine. Its dimensions vary within 0.001-0.025
mm. In comparison with the latter, the gold
grains found in the ore crushing sample are
larger - 0.01-0.3 mm, less often up to 1.0 mm.

As it is known [1], in gold-polymetallic
deposits, gold has later segregations and is
intergrown with the main late sulfide minerals
and less often with quartz, and also observed
in cracks among previously formed minerals
along the surface of their crystals and
intergranular ~ spaces. So, during the
mineralogical study of the ores of this deposit,
it was found that gold is also intergrown with
sphalerite and quartz.

Gold is intergrown with galena and
sphalerite in chalcopyrite. The results obtained
showed that a large amount of gold was
released from solutions in the form of free and
bound (in intergrowths with late sulfide
minerals) in the Dagkesaman deposit. These
data are consistent with the results of phase
analysis [6].
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Table 4 - The results of the phase analysis of finding gold in the average sample (according to S.S.

Aktaeva, 1984)

Distribution, Au, Ag % Au content, Ag g/t

Forms of finding gold Au Ag Au Ag
Gold-free, amalmatable 36,2 39,3 3.4 0,22
Gold intergrown with sulfides and quartz- 51,0 48,5 4,6 3.7
cyanided
Gold intergrown with sulfides and quartz, 12,8 12,2 1,2 0,18
coated with films in Fe and Mn hydroxides

TOTAL: 100 100 9,2 4,1

Table 5 - Granulometric composition and gold-bearing associations of native gold

Gold-copper-pyrite

Gold-quartz-copper-pyrite

Gold pyrites

Gold pyrite polymetallic

Place of Birth

Gedabek

Gizilbulag

| Gosha

Dagkesaman

Granulometric composition, mm

In polished sections:
0.001-0.03,

In samples-milled
ores: 0.01-2.0.
Finely dispersed gold
dominates

In polished sections:
0.14-0.2.

In samples-milled ores:
0.08-2.0.

Fine and fine gold
predominates

In polished sections:
0.001-0.01 In
samples-mills of
ores: 0.1-0.063.
Pulverized-finely
dispersed gold
dominates

In polished sections:
0.01-0.05 In samples-
mills of ores: 0.01-0.25;
less than 2.5.

Powdered gold

Gold-bearing mineral associations

The main one is
pyrite-chalcopyrite
sphalerite. Minor-
quartz-pyrite-pyrite
with fine gold

The main-quartz-
chalcopyrite - sphalerite.
Unproductive - quartz-
pyrite with finely
dispersed

Gold

The main one is
quartz-gold-telluride
and quartz-gold-
goethite-
hydrogoethite.
Unproductive-
quartz-pyrite with
fine gold

The main one is sulfide-
polymetallic with galena.
Unproductive - quartz-
pyrite with finely
dispersed

gold

approximately 12.8%, are in hard-to-reach

sulfides (in pyrite, arsenopyrite) and quartz.
As it is presenteoit in Table 5, the

granulometric composition of native gold in

The table shows that in the analyzed
sample, free gold is 36.2%, and gold in easily
accessible aggregates is 51.0%, while the rest,
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the ores of the described deposit is very
variable 0.001-0.2 mm.

The typomorphic features of native gold
determened, which are characteristic of ores of
pyrite and pyrite-polymetallic deposits of this
region, make it possible to evaluate and
determine the most rational technological
schemes for their processing, which, of
course, will be of great practical importance in
the industrial development of these deposits.

It is known, that effective extraction of
gold from gold-bearing mineral raw materials
largely depends on a number of its
typomorphic features, including: the size of
gold particles and forms of occurrence (free-
visible, fine, dispersed enclosed in sulfides,
various associations of intergrowths with other
minerals, etc.).

According to a number of researchers
[5], the size of native gold and the forms of its
intergrowths with surrounding minerals are a
very significant factor for determining the
technological properties of gold-bearing
mineral raw materials.

Large gold, being released from
intergrowths during ore grinding, is easily
captured during gravity enrichment, but it is
difficult to float (due to its high specific
gravity) and slowly dissolves when leaching
with cyanide solutions.

Within the Lok-Garabag structural-
formational zone of the Lesser Caucasus, there
are a number of gold-bearing deposits of
pyrite formation (Gedabek, Gyzylbulag, Gosh,
Dagkesaman). At the same time, native gold
in them has different typomorphic
characteristics (Table 6). In this regard, the
considered deposits of gold-bearing ores in
this region are characterized by various
technological methods for their processing
(Table 6).
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Fine gold in crushed ore is partly free
and partly intergrown with other sulfide
minerals. Free fine gold floats well, quickly
dissolves during cyanidation, but is hard-to
extract by gravity methods. Fine gold in
intergrowths with an open surface is also
successfully dissolved during cyanidation, and
the flotation efficiency of such gold particles
is determined by the flotation ability of the
mineral associated with them. Some of these
minerals can be characterized as practically
non-floatable, which causes, accordingly,
certain losses of gold with tailings (waste)
enrichment.

Another important factor determining
the technology for processing gold-bearing
minerals is the degree of ore oxidation. This
factor is usually established by the degree of
oxidation of the sulfides contained in them.
On this basis, ores are divided into primary,
oxidized and mixed (semi-oxidized). Gold in
the oxidized ores of the Gedabek and Gosha
deposits is present in a finely dispersed state,
which makes it necessary to extract it by
agitation leaching (cyanidation) of finely
divided material.

Technological types and methods of
processing gold-bearing sulfide and sulfide
polymetallic deposits of the Lok-Garabag
structural-formational zone of the Lesser
Caucasus are given in Table 6.

It should be noted that only Gedabek of
the deposits considered in Table 6, is currently
being industrialized. The oxidized ores of the
Gedabek deposit are processed by heap
cyanide leaching. For primary ores, the
method of flotation enrichment is adopted to
obtain copper and gold-bearing flotation
concentrate. The latter is processed by vat
agitation cyanidation.
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Table 6 - Technological types and methods of processing gold-bearing ores of the Lok-Garabag structural-
formational zone of the Lesser Caucasus.

Ne | Name of Types Mineral Character- Mineral Technological
fields ores composition istics of associations ores features
ores gold tions of gold
Technolog | Schems
ical enrichment
type
1 | Gedabek Gold- Pyrite Small and Pyrite- Gold Heap and
copper- chalcopyrit fine dis- chalcopyrit Silver vat,
pyrites sphalerite pers Spalerimerchandise | Copper propaganda
native leaching
gold (cyaniing).
Flotation
2 | Gyzylbulag | Gold- Chalcopyrit Small and Quartz- Gold Flotation
quartz- Pyrite fine dispers chalcopyrhytes Silver Gravity
copper- Quartz Copper
pyrite
3 | Gosha Gold Pyrite Pulverized- Quartz Gold Flotation
pyrite Extinguishes | new and Gold- Silver propaganda
Petzit fine dis- Telluride Kolchedan | cyanoing
pers sulfide
concentrate
4 | Dagkesa- Gold- Galena Pulverizedew | Quartz- Gold Travitine
man quartz- Sphalerite and galena- Silver Flotation
polyme- fine sphalerite Sphalerite
tallic Galena

To extract gold in the deposit, a plant
was built for processing complex ores using
the heap leaching method, as a result of which,
the extraction of gold from complex ores
amounted to up to 70%. In order to reduce the
loss of valuable components, a tank leaching
plant was also built, which significantly
increased the production of precious metals.
The vat leaching technology has made it
possible to recover more than 90% of the gold
contained in the ore.

In the future, it is planned to build a gold
processing plant in Azerbaijan, which will
allow the production of pure gold of
Azerbaijani production. At present, after the
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primary processing of ore mined from the
Gedabek deposit, the resulting concentrate is
sent to Switzerland to obtain refining gold.

The construction of such a plant in
Azerbaijan will justify the investment, since
the geological service of the Ministry of
Ecology and Natural Resources of Azerbaijan
has discovered, along with many already
known, new deposits with unique gold
reserves in Nakhichevan, Goygol, Dashkesan
and other regions of the republic. This
confirms the production potential and value of
the country in the future as the owner of one
of the main natural resources.
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The technology for processing primary
gold-copper ores of the Gyzylbulag deposit
has been tested in semi-industrial conditions.
Based on the results of these tests, a combined
gravity-flotation technology was
recommended with the production of high-
quality gold flotation concentrate and gold-
bearing copper concentrate, recommended for
processing at a copper smelter with selective
extraction of gold and copper from it.

The technology of other deposits
(Gosha, Dagkesaman) has been tested and
recommended based on the results of
laboratory studies.
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Abstract

The efficiency of operation of field oil and gas pipelines is determined by the factors of reliability
and operation to "failure”. To make and implement management decisions aimed at reducing the
likelihood of an adverse outcome and minimizing possible losses, it is necessary to classify the operational
risks of pipeline systems. The paper considered the issues of classification of operational risks, possible
scenarios and damages of negative consequences during the operation of field pipelines. The nature of the
change in the probability of an oil spill depending on its degree has been studied. In the paper, for each
risk factor, taking into account its value, a strategy for managing individual risks is proposed.
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giymatlondirilmasi vo idars olunmasi

Q.S. Siileymanov, H.Q. Ismayilova

Azarbaycan Dovlat Neft va Sanaye Universiteti (Azadlig pr. 16/21, Baki, AZ1010, Azarbaycan)

¥a11§ma iiciin:
Ismayilova Hacoar / email:hecer.ismayilova77@gmail.com

Xiilasa

Molumdur ki, madon neft vo gaz komorlorinin somorali isi onlarin etibarligi vo “isdon dayanma”
halina kimi olan istismar miiddati amillori ilo miioyyan edilir. Boru komoarlori sisteminds olverissiz
naticalorin vo miimkiin olan itkilarin minimuma endirmok figiin istismar risklorinin klassifikasiyasi va
giymotlondirilmosi vacibdir. Isdo istismar risklorinin klassifikasiyasi, neftqaz komarlorinin isi zamani
miixtolif ssenarilor tizro bas veran neqativ hallardan doyan ziyanin doayarlondirilmasi masalalorine
baxilmisdir. Isdo homginin otraf miihito neft dagilmasmin dagilazn neftin migdarindan asili olaraq neco
doyisilmasi tadqiq olunmusdur. Hor bir risk amili {igiin riskin qiymati nazors alinmagla istismar risklarinin
idars olunmasinin strategiyasi toklif olunmusdur.

Agar sozlor: risk, neft sizmasi, risklorin idars olunmasi, ehtimal, boru kamori, klassifikasiya.
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AHHOTAIUA

O dexTuBHOCTH (PYHKIIMOHUPOBAHUS MPOMBICIIOBBIX HE()TETra30MpoBOIOB onpeeiseTcs (hakropa-
MU HaJIe)KHOCTH U IKCIUTyaTaIlH JI0 «OTKa3ay. JIJIs MpUHATHS W BBITIONHEHUS YIIPABICHUSCKUX PEIICHUMN,
HAIPAaBJICHHBIX Ha CHIKEHUE BEPOSATHOCTH BO3HUKHOBEHHS HEOJIArompUsTHOIO pe3ysibTaTa U MUHUMHU3A-
U0 BO3MOXKHBIX TOTEPh, HEOOXOMUMa KiIacCU(UKAIUS SKCIUTYaTallMOHHBIX PUCKOB TPYOOIPOBOTHBIX
cucteM. B paboTte paccMOTpeHBI BONPOCH! KIIaCCH(PHUKAIMH SKCILTYyaTaI[HOHHBIX PUCKOB, BO3MOJKHBIE CIIe-
Hapu# 1 ymiep0 HETaTUBHBIX TOCIEACTBUHN MPHU SKCIUTyaTaIllH ITPOMBICIIOBEIX TpyOompoBoxoB. Mccmeno-
BaH XapakTep M3MCHECHHs BEPOSATHOCTHU pasiuBa HedTu. B paboTe Takke mpeaiiokeHa CTpaTerus yrnpas-
JICHUSIMH OTJISITBHBIMU PUCKaMH.

KurioueBble cioBa: puck, yTedka HeTH, yIIpaBleHHE PHCKaMH, BEPOSTHOCTh, TPYOOIPOBO, Kiacchuu-
Karsl.
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BBenenue

W3BecTHO, YTO MpOMBICIOBBIE HedTera-
sonpoBoabl (ITHI') — xanuranbHbIe MHXKEHEP-
HbIE€ COOpPY)KEHHS, PpACCUMTAHHbBIE Ha JJIU-
TEJNbHBIA CPOK SKCIUIyaTalluy, MpeAaHa3Hayde-
HBl Ui OecriepeOOWHONW TPaHCIIOPTUPOBKU
OPUPOAHOTO Tras3a, HeTH, HEPTEIPOIYKTOB,
BOJBI U UX CMECEel OT MeCT UX JOOBIYU [0
YCTAaHOBOK KOMIUIEKCHOM moarotoBku. Hop-
ManpHOe (pyHkimonuposanus [THIT ompene-
nsieTcst (pakTopamMu HaJCKHOCTH M HKCILTyaTa-
LMY 10 «OTKa3za», T.. «HU3KUM» PUCKOM [0
BBIXO/Ia €70 U3 CTPOsl, IIPU KOTOPOM IIPOBOISAT
3aMeHy OTKa3aBIIero o0OpYyIOBaHHUs, BOCCTa-
HOBJIEHHE T€PMETUUYHOCTHU U MHBIE MEPOIIPUs-
THS JJI1 BOCCTAHOBJICHHUS PaOOTOCIIOCOOHOCTH
B Ipenenax TEeKYIIUX MPOU3BOACTBEHHBIX I10-
TPEOHOCTEH.

C uenbr0 NOPUHATHS U BBIIOJHEHHUS
YIpaBJICHUYECKUX PEIICHUM, HAPABICHHBIX Ha
CHI)KCHHE BEPOSITHOCTH BO3HUKHOBEHUS He-
OJIarONpUsTHOIO pe3yJibTaTa U MUHUMU3ALINIO
BO3MOKHBIX TMOTEPh, HEOOXonuMa Kiaccudu-
Kallys HKCIUTYaTal[MOHHBIX PUCKOB IpU (YyHK-
unonnpoBanun [IHIT ¢ BeiaeneHueM OCHOB-
HBIX PHUCK 0Opa3yromux cOObITMH U ompene-
JICHUSI PUCKOB.

[IpoGnemsbl, cBA3aHHBIE C HETATUBHBIMU
prcKaMH, 00pa3yIOUIMMU COOBITUSAMH, COPO-
BOXKJaroume skcruryatauuio [THI, B T. 4. oT-
Ka3, MOJHAsl WJIM YacTU4yHas morteps paboTo-
CIIOCOOHOCTH, MOTYT IPOUCXOJUTH B MpOLEC-
ce JKCIUTyaTallud U CBSI3aHbl C HECKOJIbKHUMHU
daxropamu [1-6]: mOTepsi MPOEKTHBIX Xapak-
TEPUCTUK; OIIMOKU TPU TNPOSKTUPOBAHUY;
SKCIUTyaTanusi TpyOONpoOBOIOB, HE COOTBET-
CTBYIOIIAsl MPOEKTHBIM PELIECHUSM; HETraTUB-
HbIE BO3JEHCTBHS TPETHUX JIMIl WIN OMIMOKU
00CITyKMBAIOIIET0 MEPCOHANA; OTKA3 CHUCTEM,
eIMHUL 000pyAOBaHus, B T. 4. Pe3epBHbIX, U3-
3a KOTOPBIX B OyIyIIeM MOXET MPOU30HTH

MOJIHAasE OCTaHOBKa TpyOOIpOBOJA; yTeuka,
pasrepMeTH3anusi 3JIEMEHTOB HedTerasomnpo-
BOJIOB; OTKa3 BCIIOMOTATEIIbHBIX CHCTEM,
obecreynBarONIMX OOHApy)KEHHUE HEHCIpaB-
HOCTEH, OTKa30B M CHUXEHHS MOCIEACTBHIMA

OTKa30B, IMpoyee.

IMocTaHoBKa 3aga4n

Ha npaktruke HEOOXOIMMO COKpalaTh U
BEPOSITHOCTh BO3HUKHOBEHUS TAKUX MPOOIIEM,
U WX TIocTeNCcTBUs. Bennunna, coderaromas B
cebe BEpOSITHOCTh HETaTUBHOTO COOBITHS H
€ro MocNeACTBUS, — PUCK, BEIMYHUHY KOTOPOTO
MOYKHO BBIYUCIHTS 110 popmyse [7, 8]:

R=P-L,
rae R — puck; P — BeposTHOCTE prck 00pasy-
foriero coOwitusi; L — ymepd mnmm yOBITOK B
CBSI3U C OTUM PUCK 00Pa3yIONIUM COOBITHEM B
CTOMMOCTHOM BBIPQ)KEHHH.

OCHOBHBIM pUCK 00pa3yrOIIMM COOBITH-
eMm s [IHI Ha sTame mpoekTupoBaHus cie-
IyeT CUMTATh HApYIICHHUE [EIOCTHOCTH.

PaboTta mo ympaBieHHIO PUCKOM Hapy-
IIEHUS 1IeIOCTHOCTH Ha 3Tare MpPOEKTHPOBa-
HUSl COCTOMT M3 OLIEHKHM M aHaju3a COCTaBJIs-
IOIUX PHUCKa (BEpOSTHOCTH U yliepOa), pas-
pabOTKH TPOEKTHBIX PEIICHHH, KOTOpBIC
JOJDKHBI CHH3UTH PUCKU JI0 yCTAHOBIICHHBIX
noKazaTtesel HKCIUTyaTallHOHHOW HaJeKHOCTH
Ha MPOTSHKEHUU BCETo )KM3HEHHOTO ITUKJIA.

VcxonHble naHHBIE JUIA pacdyera MaTe-
MaTHYECKOW BEPOSITHOCTU M yliepbda B CTOU-
MOCTHOM BBIPaKEHUU B Cllydae OTKa3a Tpyoo-
NPOBOJIa MOTYT OBITH TOJYYEHBI TOJBKO IO
pe3yJbTaTaM WHKEHEPHBIX M JKOJOTHYECKUX
M3bICKaHUHN U pa3pabOTaHHOIN Ha UX OCHOBE U
B COOTBETCTBUHU C OCHOBHBIMHU T€XHHUYECKHUMHU
pElIeHUsMU TMPOEKTHOW JOKyMeHTauuu. Ha
TOM OCHOBAaHUHM OIICHKA W TNPHOPHUTE3ALUS
PHCKOB

MMPOU3BOAUTCA C IMPUMCHCHUCM

OIBHOU OIIEHKM 1O 25-0a/UIbHOW IIKAaJIE.
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[Ipu 3TOM BEpOSATHOCTH U MOCIEACTBUS HEra-
TUBHOTO COOBITHSI HApPYIICHHUS IEJIOCTHOCTH
MOTYT IOJIYYUTh OLICHKY OT | 110 25-TH.

Bce Bo3MOHBIE omacHOCTH (Yrpo3bl),
criocoOHbIe npuBecTH K oTka3y ITHI', MoxHO
KJIaccu(UIUpPOBaTh CIEAYONMM 00pazom [7,
8, 10]: oOmue 3KCIUTyaTallMOHHBIC OMIACHOCTH
(yrpo3el) — yciaoBHsl pabOThI, OTKa3bl TEXHO-
o0opysoBaHus, OIIUOOYHBIC

JIeWCTBHS WM O€3/IeCTBHUE MEePCOHAIIA; OIac-

JJOTHYCCKOTI'O

HOCTHU (yTpoO3bl), CBA3aHHbBIE C BHEUTHUMH BO3-
JNEHUCTBUSIMU — OINACHOCTH, CBSI3aHHBIE C JIesi-
TEIbHOCTHIO COCEAHUX MPOU3BOJICTB WU 00B-
eKTOB (TE€XHOTCHHBIE OMACHOCTH), a TaKXKe
MPUPOJIHBIE OMIACHOCTH, aKThl caboTaxa u Ju-
BEPCHH.

B 3aBucuMocTH 0T 0ObeMa BhITEKAIOIIe-
ro NpPOAYKTa MOYHO BBIIEIUTh HECKOJIbKO
TUTIOB HAPYIICHUH IEIOCTHOCTH (I1e(PEeKTOB)
TpyOompoBoja: yepe3 CBUIIM (IIOUIAAb Jie-
dextHOro orBepctHs — g0 10* M?); uepes
TPEIIMHBI B TpyOompoBoae JmuHoi 10 30% ot
YCIOBHOTO JHMaMeTpa TpyOoIlpoBoja; uepes
TPEIIMHBI B TPyOOTIpoBOAe IIHHOMK 10 75% OT
YCIIOBHOTO JuameTpa TpyOompoBoJa; uepe3
TpellMHbl B TpyOompoBoJe [IMHOM Ooiee
75% OT yCcIIOBHOTO JuamMeTpa TpyOonpoBoa.

Onucanve Haubosee pacnpocTpaHeH-
HBIX M BEPOSTHBIX PHUCK-()AKTOPOB (yrpo3),
MOTEHIIUATBHO CIIOCOOHBIX MPUBECTH K OTKa3y
[THT", npuBeneHo B [7].

Cnenyer OTMETUTb, 4YTO KaXAO€ pac-
cMaTpuBaeMoe HapyueHue uenoctaoctu [THI
MO’KET IPOUCXOAUTH OT OAHOIO U OoJIee PUCK-
¢daktopoB. 13 mpakTuKu SKCILTyaTaluu MIpo-
MBICJIOBBIX TPYOOIIPOBOJOB U3BECTHO, YTO Ja-
JIEKO HE BCE HapyIIEHHUs ILEeJIOCTHOCTH (Jie-
(beKThl) MPUBOAAT K OTKa3y U caM 1o cede OT-
ka3 IIHI' Moxer umeTs pasiauyHble HEraTHUB-
HBIC TIOCJIEACTBUSA. BO3MOXHBIE pa3BUTHS
cueHapueB oTkaza Ha [THI' mokaszansl B Tab-
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mune 1. Ha ocHoBe aHain3a BO3MOXKHBIX Clie-
HapHUeB OTKa3a yCTAHOBJIEHO, YTO OCHOBHBIMH
nocnencteusamu asapun Ha [IHI sBusrores:
3arpsi3HEHUE OKpYXaromiei cpensl (3KOJIOTH-
Yeckuid ymiep0); rubenpb (TpaBMHUPOBAHUE)
mrofeil (ColManbHbI yiep0); MOBpEeXIeHUE
UMYIIECTBA U MOTEPU YIJIEBOJIOPOJIOB (Mate-
pHaJIbHBIN y11ep0).

JUid OLEHKM M NPUOPUTE3ALUU IKC-
IUTyaTalMoOHHBIX puckoB pucku [THIT MoxHO
pacmpenenuTs mo 5 kareropusm: ot - —
HU3KOH 10 5-i1 — o4eHb BhIcokou. Kiaccudu-
Kalksl ¢ TOYKH 3pPEHUsl 4YacTOThl OTKa3a H
OajyIbHOW OLIEHKU BeposiTHOCTH oTkaza [THI
nokazana B tabnuue 2. IIpu ouenke Bepodr-
Hoctu oTkaza [IHI' maercs GamnpHas oueHKa
oT 1 10 25 n7st KaKI0Tr0 U3 pUCK 00Pa3yIOLINX
coObIThii: 1-1 3Tam — OTHECTU BEPOATHOCTH
HACTYIUICHUS] PUCK OOpa3yroliero coObITHS K
OJIHOM W3 5 kareropuid mo 1-My cTonOiy Tao-
JUIBl HA OCHOBAHUHU OIMCAHUS B CTONOIE 2;
2-i Tan — SKCIEPTHO OLIEHUTh BEPOSATHOCTH
1o 5-0ayuIbHOM mIKale, T UMEHHO HaXOIHT-
csl OlleHKa — OmmKe K HIDKHEH TpaHuue, K
BEpXHEW WM B CEPEIMHE U MOCTABUTH COOT-
BETCTBYIOIIEE KOJIMYECTBO OayuloB B 3aJlaH-
HOM HHTEpBajie, ykazaHHOM B ctomore 3. [Tpu
OTHECEHUHU BEPOSITHOCTU K OJHOW U3 KaTero-
puil («HM3Kas» - «OYEHb BBICOKAs») BBI-
CTaBJISIIOTCSL Oajulbl B paMKaxX 3aJaHHOTO B
Tabmuie 3 Ui KXo KaTeropuu BEpOSTHO-
cTH uHTepBana. [Ipu oOlLEHKE BEpPOSTHOCTH
HEOOXOJJUMO YUYUTBIBATh OIBIT 3KCIUTyaTalllH
O00BEKTOB aHAJOIOB, PE3yJIbTAThl JOCTYMHBIX
HAy4YHBIX HCCIIEJOBaHUM M pacueroB. B ciy-
yae OTCYTCTBHS JOCTATOYHOM HHGpOpMaIUu
JUISl OLIEHKH BEPOSITHOCTH HACTYIUIEHUS! PHUCK
o0Opa3yroniero CcoOBITHSI MOXKHO TNPUHUMATH
cpenHee 3HaueHue — 13 Gaos.

Kputepun oneHku mociencTBuil 0TKasa
[THI" npuBenens! B Tabmuie 4.
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Taoauna 1 — Bo3MmoxHbie CLICHApHUU OTKa3a
Table 1 — Possible Failure Scenarios

Ne | TumoBsie crenapun | Cxema pa3BUTHS CLEHAPHUS
pa3BUTHUS OTKa3a
C1 | Beibpoc roproueii | Pa3pymenust Tpy6omnpoBoaa — BEIOpOC KHUIKOHN (a3sl U raza (Mpu HaJIH-
JKUJIKOCTH  /JETKO | YMH) — PAcTeKaHWE OMACHOTO BEIIECTBAa 1O TEPPUTOPHH M JAera3alus
BOCIUTAMEHSIIOIIEHCS | )KUAKON (a3pl (IpH HaJMYMHM PACTBOPEHHOIO ras3a) ¢ YaCTHYHBIM HCIIa-
KUIKOCTH 0O€3 BO3- | peHHEM MpoJiBa — 0€30MMacCHOE pacCEeBaHME Ta3a M MMapOB JKUIKOH (hasbl
TOpaHus — 3arpsAI3HEHUE OKPY’KAIOIIEeH CPeIbI
2 | Hoxap nponuBa | Pa3pymienue TpyOoImpoBoga — BEIOPOC B OKPYXKAIOMIYIO CpPeay >KHIKOU
roproueil KuAaKocTH | (asbl U ra3a — pacTeKaHUe KUIKOH (a3bl — BOZMOKHOE YaCTUYHOE HCTIa-
| nmerxko BocIulame- | peHHE TOproYel KHIKOCTH — BOCIUIAMEHEHHE TPOJIUTOMN KUAKOH (as3bl
HSIOIIEHCS  JKUIKO- | IPY HaJMYUHM MCTOYHMKA 3aKUTaHWsA — MOXKap IpPOJMBa — IONAaJaHue B
CTH 30HY BO3MOJKHBIX IMOPAXKAIOMKX (AKTOPOB JIIOAEH H/HIN 000pYyIOBaHUS
— mocjenyroliee pa3BUTHE aBapyuu B Cllydyae, eciid 3aTPOHYTOe 000pyIo-
BaHHE COICP)KUT OMACHBIC BELIECTBA — 3arps3HEHUE OKPY’KaloIIeH cpe-
hi13i
C3 | Cropanme TtommB- | A. Pasrepmernsanus razonpoBona (TpyOorpoBoabl HEYTIHOW IMYITbCUN
HO-BO3JyIIHON CMe- | C BBICOKMM COZEp)KaHHEM ra3a) — BBIOpOC ra3a B OTKPBITOE MPOCTpaH-
CH Ha OTKPBITOM | CTBO — 00pa30BaHKe B3PHIBOOIACHON ra30BO3YIIHOW CMECH B3pBIB (ae-
BO3/1yXe (narpanOHHOE CropaHue) Npy HAJIUMYUMHM MCTOYHUKA MHULMMPOBAHUS —
MopakeHrne 000PYOBaHUS M NIEPCOHANA yAapHON BOJIHOHM, TEPMUYECKOE
MopakeHne
b. TMonnas nmnm yacTu4Has pasrepMmeru3anus TpyOompoBoja ¢ He(ThIO
(HeTAHOHN SMyNbCHEH) — TOCTYIUICHHE B OKPY’KaIOIIyIO Cpely Tasza H
apoB B Ta3000pa3HOM COCTOSHMM, pPa3jiuB U jAerasauusi HedTsHOH
IMYJIBCUH — 00pa3oBaHMe B3PHIBOONACHON TOTUIMBHO-BO3IYITHOW CMECH
— BO3HHMKHOBEHHE MCTOYHMKA 3aKHUTaHHUA — 3a)KUTaHue 00JlaKka — B3pBIB
TOMJIMBHO-BO3AYIIHOW CMECH C OOpa30BaHHEM YIapHOW BO3MYIIHOW
BOJIHBI — TIOMAJaHNE B 30HY BO3MOXKHBIX MOpPaXaromux (HakTOpoB, JIFO-
Jeil u/mnn 060pyI0oBaHUS — BO3MOKHAS dCKaJallusl aBapuH — IMOCIey-
Iollee pa3BUTHE aBapuH 1o cueHapuro Cl
C4 | BeiOpoc raza 06e3 | Paspymenue razonpoBoaa BeIOpOC ra3a — (GOpMHpPOBaHUE U PaclpoCTpa-
BO3TOpaHHUs HEHME B3pBIBOOIACHOI0 00JIaka — 0e30IacHOe paccenBaHue ra3a 0e3 Bo3-
TOpaHHs — 3arps3HeHNe OKPY’KaIoIIeH Cpefbl — BO3MOXKHOE TOCIENYI0-
Iee pa3BUTHE aBapHUM M CrOpaHHEe Ta30BO3JYIIHOM CMECH B Ciydae
CKOIJICHUS Ta30BO3/1YIIHON CMECH B MOMEIEHUX U T.II.
C5 | PakenbHOe ropenue | Paspyuienne razonpoBosa — UCTEUEHHE ra3a MOJ AaBJICHUEM C MTHOBEH-
rasa HBIM BOCIUIAMEHEHHEM — (DaKeJIbHOE TOPEHHE UCTEKAIOIIEH CTPyH —
BO3/ICHCTBHE MJIaMEHU Ha 00OpylOBaHHUE, TOpaXEHUE JIOIEH — moce-
IyIollee pa3BUTUE aBapUM B Clydae, €ClIM 3aTPOHYTOe 00O0pyAOBaHHE
COJICP>KUT OIIACHBIE BEIECTBA
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Tadauna 2 — Knaccuduxanus 11t OlleHKH BEpo-
sTHOocTHU oTkaza [THI

Table 2 — Classification for assessing the probabil-
ity of APG failure

Beposit- UYacrotsl puck oopa- | OreHka,
HOCTb 3YIOIIETO COOBITHS OaJlIBI

Huszkas Jns  pmaHHOrO THUIA 1-5
I[IHI' ¢ nmpumeHeHueM
MpEeABAPUTETBHBIX

MPOEKTHBIX peIIeHui
OTKa3 HEBO3MOXEH
WU BO3MOXXEH HE Ya-
e ueM 1 pa3z B 10 ner

BepostHO s maHHOTO — THTA 6-10
I[IHI' ¢ nmpumeHeHueM
MIpeIBapUTEIbHBIX
MPOEKTHBIX peIIeHui
BEpOSITHBL OT 2 10 3
OTKa30B Ha IpOTsKe-
Huu 10 7jer skcmmya-
TaIH

Cpennss Hns  pganHOro THma 11-15
IIHI' ¢ mpumeHeHuEM
MpEABAPUTETBHBIX

MPOEKTHBIX PELICHUI
MOXET MOPOU30UTH 10
2 OTKa30B Ha MPOTS-
JKEHUU 3 JIeT 3KCIUTya-

TaIlunA

Bricokas Hnst  mamHOTO  THHA 16-20
IIHI' ¢ mpumeHeHuem
MIpeIBapUTEIHHBIX

IIPOEKTHBIX PELICHUM
BO3MOXHO Oonee 2
OTKa30B Ha MpPOTsIKE-
HAU 3 JIeT IKCIUIyara-

105050

Ouenp BbI- | [lns nmanHoro Tmma | 21-25
COKast I[IHI" ¢ nmpumeHeHueM
MIPEIBAPUTEIIBHBIX

MPOCKTHBIX PEIICHUH
BO3MOJKEH OTKa3 YK€ B
TeueHue | roma sKc-

TUTyaTaluu

Pe3ynbrar OLEHKM MOCHENCTBUI OTKa-
30B [IHI' mpuHuMaercs mo Makcumymy u3 3
orneHuBaeMbIX oOmacteil. OreHka Mocien-

CTBHH OTKas3a IS KaXKIOW HMX OLIEHUBAE€MBIX

obnacteil mpoBoauTcs B 2 drama: 1-it stam —
OTHECTHU IOCJIEACTBUS HACTYIUIEHUS PUCK 00-
pasyromero COOBITHS K OJHOW W3 5-TH Kare-
ropuii o 1-my crosidiy Tabnuibl 4 Ha OCHO-
BaHUU OMUCAHUS B CTOJOLE 2 (COIUAIbHBII
ymiep6), crondue 3 (MaTepuanbHbIN yiepo) u
ctonOue 4 (sKosnorndyeckuil ymep0); 2-i sramn
— DKCIEpPTHO OLIEHWUTh IOCJIEACTBUA IO 5-
OaJUILHOM IIKaJle, IJ€ HMEHHO HAaXOIUTCI
OllIeHKa — OJIKe K HIDKHEW TpaHuIle, K BepX-
HEll WU B CepelMHE M IOCTaBUTh COOTBET-
CTBYIOIIIEE KOJIMYECTBO OauioB B 3a/laHHOM
MHTEpBaJie, YKa3aHHOM B CTOJIOIE 5 TaOJIUIIbI
4. OueHka TNOCIENCTBHUS pealu3allld PHUCK
o0Opa3yromiero coObITUS UM, KaK CIEICTBUE,
HapyueHusa uenoctHocty I[IHIT 3aBucur ot
BbIOpAaHHOIO CLEHAapUs Pa3BUTHS OTKasza (CM.
tabmuiry 2). Kak mpaBwmino, peanusanus ciie-
HapueB c OoJsiee TKENBIMU MOCIEACTBUSIMU
UMEeT 3HAYUTENbHO OoJiee HU3KYI0 BEpOsT-
HOCTb, YE€M peanu3alus CleHapueB C MHUHU-
MaJbHBIMU MOCIEACTBUSIMU. Hanmpumep, cBuUIIL
[0 IPUYMHE BHYTpeHHEeW kopposuu IIHI
Han0oJiee YacTo MPUBOJUT K HE3HAYUTEIHHO-
My pa3nuBy He(TH, TOATOBAPHOW BOABI U
yTeUKe Tras3a, a Ciy4yaul BO3TOpaHUs, B3pbIBa,
KPYITHBIX Pa3JIMBOB HE(PTH, MMOATOBAPHOU BO-
IIbl U yTe4ek rasza kpaine peakue. I[Ipu ouen-
K€ TOCJIECTBUN HEOOXOIMMO YUHUTHIBATh KakK
MUHUMYM 2 cueHapus (Hambojee pacmpo-
CTpaHEHHBIM Ha MpaKTUKe U Haubolee TsKe-
7b1it). B pesynbrare mo 4actu puck odpasyro-
IIUX COOBITHH JOJIKHO OBITH OLIEHEHO 2 pHC-
Ka, KOTOpbIe OyAyT UMETh pa3inyHble OaylIbl
[0 BEPOSATHOCTU U MOCJIEACTBUAM. Takue puc-
k1 (R) nmomxHBI cooTBeTCTBOBaTH Hambosee
BepositHomy (R1) wm Hambonee TspKeno-
my/katactpodpuueckomy (R2) mo mocnenctsu-
SIM CLIEHAPHSIM.
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Tadauna 3 — ConuanbHbIi, MAaTEPUAITLHBINA U 3KOJOTHYSCKUN yIepO
Table 3 — Social, material and environmental damage

[kana CounanbHbli yiepo MarepuanbHbIi yepo | OkoJorudeckuii ymepo Onen-
rocien- Ka,
CTBUH OauTb
«Y»

OueHb Bosmoxen rpymmnoBo# | OcTaHoBKa 3KcrutyaTa- | 1.Ymep0d mis okpyxaromiel cpeasl c| 21-25

BBICOKHME | CMEPTENbHBIN CiIydail wim | MM He MeHee YeM /3 | MHOTOJEeTHHMH ITOCIIEeCTBUSIMH PETHO-
MIOCTOSHHASL TIOTEpsS TPY- | AOOBIBAIOIINX CKBAXXHH | HAIBHOTO MacmiTada.

JOCTIOCOOHOCTH ~ 2-X W |aKTHBa (MECTOPOXKIe- 2.BhiBpOC 3arpA3HSIONMX BEMECTB HA
Gonee HuA HeTH U Tasa) 60| 0060 oxparseMBIX TeppUTOPHSX H B
nee qeM Ha 24 vaca TpejieNiaX HaceJeHHBIX MyHKTOB.

Bricokne |BosmoxkeH cmeprenpHblii| OcTtanoBka 9kciorya- | 1.Ymep6 mns  oxpykatomed cpensi| 16-20
Clyyal ¥  HETaTUBHOE |Tallid HE MEHEE YeM | pETHOHAIBHOTO MAacITada ¢ BO3MOXK-
BO3JieiicTBIE Ha mepcoHali | 1/3 JTIOOBIBAIOIINX | HOCTBIO YCTPAaHEHHS TIIOCIIEACTBUN B
U TPeThUX JIMII B T.4. C|CKBXHH aKTHBa (Me-|TeueHHe He Ooiiee yeM 1-ro rojaa.

IIOCTOSIHHOM HoTepeii | CTopoxaeHust HepTH U 2.JloKkabHbIH BBIGPOC 3ArPA3HSAIOLINX

TPYIOCIOCOOHOCTH rasa) 10 24-x gacoB BEIeCTB Ha 0C000 OXPAHAEMBIX TEPpH-
TOPUSIX M B Tpelenax HaceIeHHbBIX
ITyHKTOB C BO3MOXKHOCTBIO YCTPAaHEHUS
MIOCIIEACTBUHA 3a TEpHuoj] HECKOIbKUX
JHEH WU HeNlENb.

Cpennne |Beposrasr TpaBmbl 1 |OcTaHoBKa 3Kciutyara-|l.BosmeiictBue co  3HaumrensHeiM | 11-15
HEraTUBHOE BO3AeHCTBHE |muu 10 1/3 moObIBato- |ymepboM  uii  HEYyBCTBUTEIBHOU
Ha TEpPCOHAT M TPETHUX |IIMX CKBAKHH AaKTHBA | OKPYXKAIOIIEH cpenpl, KOTOpas MOXKET
Il B T.4. C BPEMEHHOH | (MECTOPOXKICHHS OBITH BOCCTaHOBJICHA JI0 JKBHBAJICHT-
noreper TPyaocnocoOHo- | HehTH W rasa) 0ojiee | HOro COCTOSHMSA OT 1 70 5-TH jer.

e ueM Ha 24 1aca 2.Bo3jieiicTBHE C TOKATBHEIM YIIepOOM
JUIL  9yBCTBUTEJIBHOW  OKpYXKaromieH
Cpenbl, KOTOpas MOXXET OBITh BOCCTa-
HOBJICHA JI0 3KBHBAJECHTHOTO COCTOS-
HUg oT 1 1o 5-TH JeT.

Hunxe BepositHer  TpaBMbl  n|OcraHoBKa JKcruryaTa- | 1.BosnedictBue co  3HaumrenpHbIM| 6-10

CpelIHero |HeraTMBHOE BO3jAeHCTBHE MU N0 1/3 nmoObiBato- |ymepOboMm  uis  HEYYBCTBUTEIHHOU
Ha TEpCOHAT M TPETHUX |IIMX CKBaKMH AaKTHBA | OKPYXKAIOIIEH cpenbl, KOTOpas MOXKET
JMI B T.4. C HEOOXOIUMO- | (MECTOPOXKICHHS OBITH BOCCTaHOBJICHA JI0 SKBHBAJICHT-

CTBIO amMOyraTopHOTo | HeTH M rasza) 40 24-X | HOTO COCTOSIHUS He Oosree yeM 3a 1 ro.

JIeYeHHsl M PODHUIAKTHKH | 4acoB 2.Bo3neiicTBrE ¢ JIOKAIBHBIM YIIIEPOOM
JUIL  4yBCTBUTEJIBHOW  OKpYXKaromien
Cpe/ibl, KOTOpas MOXET OBITh BOCCTa-
HOBJICHA JI0 3KBHBAJIECHTHOTO COCTOS-
HUst He Oostee yeM 3a 1 rog.

Huskue OtcyrctByer HeratuBHOe | [Ipon3BojcTBEeHHBIC BosneiictBue ¢ nokanbHeiM yniepbom | 0-5
BO3JICIICTBIE Ha JKWU3Hb M |IIOTEPH  HE3HAYMTEIb- | JUI OKPYXKAIOIIEH cpelbl, KOTopas MO-
3I0POBbE II€PCOHANA U |HbIE M HE OTPAXKAIOTCS |JKET OBITh BOCCTAHOBJIEHA 1O JKBHBA-
TPETHHX JIHILL Ha BBINIOJHEHUH IUIa- | JIGHTHOTO COCTOSIHUSI 32 IEpUOA He-

HOBBIX  €XEMECSYHBIX | CKOJIBKHX JTHEH MM HEJelb
MIPOM3BOICTBEHHBIX
nokasaTenen
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Tab6auna 4 — Knaccuduxauusi >KCITyaTanydoH-
HBIX PHCKOB
Table 4 — Classification of operational risks

Ne | Kareropus Kareropusa | Bennuuna
wn | I[THI pHUCKa pucka (B
pe3ynbTare
OaIbHOU
OIICHKH)
1 Campiii  otBeT- | 1 — Ouens | OT 25 wm
CTBCHHBIN BBICOKHI Oolee
2 OtBercTBeHHBIH | 2 — Brico- | OT 20 10
KU 25
3 OmnacHbIN 3 - Cpen- | Or 15 no
HUH 25
4 He onacHrbin 4- Hwxe | Or 10 1o
CpeIHero 15
5 He orBerctBen- |5 - Huz- | 1 mo 10
HBIN KUK

Tabanna 5 — Crparerus ynpasieHHUs] pucKaMu
Table 5 — Risk management strategy

Ne | Crpaterus Kareropus | Bennuuna

/Tl | yTpaBieHUs pucka pucka
pHUCKOM (B pesymb-

TaTe
OayTbHOM
OLIEHKH)

1 Ne4 — «¥Ycrpa- |1 — Ouens | OT 25 m
HEHUe» C 1IyO0- | BeICOKHA | Oomee
JUpPOBaHHEM HE
MeHee 2 Tpo-
eKTHBIX pelle-

HUM 1O JIMKBH-
JIAlAU pUCKa

2 Ne4 — «¥Ycrpa- | 2 — Beico- | OT 20 10
HEHUE» KUt 25

3 Ne3 — «Coxkpa- | 3 — Cpen- | O 15 no
IIEHUEY HUNI 20

4 Ne2 — «Monu- | 4 — Huxe | Or 10 1o
TOPHHI cpemaero | 15

5 Nel — «lIpunsats | 5 — Huz- | O1 0 mo 10
K CBEJICHUIO» KHi

N3BecTHO, 4TO yPOBEHb PUCKA IIPU 3TOM
BO MHOTOM 3aBHCHT OT MacIuTada 0KuaaeMbIX
IIOTEPh W BEPOSTHOCTH MX BO3HUKHOBEHMS.
[ToaTOMy mpornenypa OLEHKH pUCKA MHPEIIo-
JaraeT, MpexJie BCEero, 3HaHUe JBYyX MapaMeT-
pPOB — CTOMMOCTD ymiepba ot aBapuu (0TKa3a)
U BEPOSTHOCTb 3TOro coObITHS. MHTerpais-
HBIH PHCK IS psiia COOBITUH OIpenensercs
KaK CyMMa PUCKOB 3THX coObITH. [Ipu 3TOM
BEPOATHOCTb KOHEUHOTO COOBITHUS OIpenes-
eTCs MPOU3BEICHUEM BEPOSITHOCTEN COOBITUH.

Onupasice  Ha 3KCIUTyaTaluu
He(TEenpoOBOAOB IO CE€il JAeHb U B COOTBET-

OIIBIT

CTBMM KJIAaCCU(UKAIMKU pa3nuBa HePTH U3
TpyOOIPOBOJOB MOKHO OLEHHUTH (DaKTOPHI
HKO0JIOT0-3KOHOMHUYECKOIO PHUCKA.

IIpumeM, dYTO BENMYMHA aABApUHHOMN
yTeUuKH cocTaBisieT ( (M>/4ac), Torma cTeneHb

yTeUKH (pas3yiviBa) WJIK OTHOCUTEIbHAS yTeuKa

COCTABHT: Qi (Qo — pacxon (M%/4ac) B Tpy6O-
0

MPOBOJIC JIO MPOSIBIICHHS AaBAPHH).

|
0,75 5 s
% /
0.5 ; r /P
o /
0,25 I
m
0 CTENEHbL PASNTNUBA
0 0,25 0,5 0,75 1

Pucynok — BeposTHOCTh pa3nuBa He(hTH B 3aBH-
cuMocTH oT crenenn pazimBa. C1 — Cz3 — paznmu-
HbIC CIICHAapUU

Figure — The probability of an oil spill depending
on the extent of the spill. C; - Cs - different scenar-
i0s
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Torna n3MeHeHne BEpOATHOCTH Pa3InuBa
He(TH (Pp.n.) B 3aBUCUMOCTHU OT CTENIEHU pa3-

q
JINBa (_Q ) MOKHO IIPCACTABUTD TaK, KaK ITIOKa-
0

34aHO Ha PHUCYHKC.

Tak kak TpyOOIpPOBOABI MPH HOPMAaJb-
HOM HSKCIUTyaTaluy 00eCleyuBalT IMOJIHYIO
repMETU3alHI0, TTOTEHIUAIBHBIE YTECUYKH MO-
IyT TPOU30HTH B pe3ylbTaTe HapyLICHUs
IFepMETUYHOCTH, U, KaK I10Ka3bIBAET IIPAKTHKA,
B OCHOBHOM JTO IIPOTE€YKHM 4Yepe3 HEIUIOTHO-
CTH TpyOOIPOBO/IOB, COEMHEHU, apMaTypbl,
a TaKKe aBapHUilHble OTBEPCTHSI Pa3IUYHBIX
pa3MepoB, Kak BUJIHO U3 PHUCYHKA, B OTINYUE
OT HE3HAUUTENIbHBIX yTeueK JUIsi OOoJbIIuX
3HAYEHUH pPa3IUBOB HE(TU BEPOSTHOCTb MX
BO3HUKHOBeHHs o4eHb Hu3Kas (< 0,1) [9].

Pucku, cBs3aHHBIE C DJKCIUlyaTalMen
[THI', mMoxHO Ki1accupUIMPOBATH COOTBET-
CTBHE ¢ KareropusMmu mno tabnuie 4. Karero-
pus ITHI' npucBauBaercsa 1o MakCHMaJIbHOMY
PHUCKY, CBA3aHHOMY C OJHUM U3 PUCK 00pa3zy-
IOLUX COOBITUI, KOTOPbIE MOTYT MPOU30UTH B
IIPOLIECCE €TO IKCILTYyaTalNH.

Puck no onpeneneHnto coaepxur B cede
2 KOOpPAMHATHI — BEPOSITHOCTD U MOCJIEICTBUS,
HauOosee yHOOHBIM €ro MaTeMaTH4YeCKUM
aHaJIOroM sBJIsIeTCsl «BeKTOop». IlosTOMy Be-
anunHa pucka (R) ectp nnmHa 2-xmepHOTro
BEKTOpa, y KoToporo koopaunHata I1 — Oamibl
3a TMOCIENCTBUSA OTKas3a, a KoopauHata B —
0aJuibl 32 BEpOSITHOCTH OTKa3za. [lpu sTom Be-
JMYMHA PUCKA PacCUMThIBaeTCs mo (opmyiie

[8]:
R=vB2 + 112

riae R — puck; B — BeposATHOCTB, OlICHEHHAsI B
6amnax ot 0 mo 25; Il — mocnencTBus, ole-
HeHHble B 0amtax ot 0 mo 25.

Kaxk u3zBecTHO, HEMaIOBaKHOE 3HAYCHUE
AMEET

YIPaBJIECHUE  DKCILTyaTalMOHHBIMH
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pPUCKaMU  TEXHOJOIMYECKHX ITPOMBICIOBBIX
TpyOOIIPOBOJIOB.

Pe3ynbTaThl OLIEHKH PUCKOB IPH Jallb-
HEHIIeH JKCIULyaTallud MOTYT IPUMEHATHCS:
JUI ONpE/ETeHNsl NepPUOJIUYHOCTH U 00beMa
PEMOHTA, KalMUTAJIbHOIO PEMOHTA, TEXHHUYE-
CKOTO JTUAarHOCTUPOBAHMS; U1 Pa3pabOTKU
PaH)KMPOBAHHOI'O IO PUCKaM IIEpPEYHsI MEpOo-
NPUATHI 10 TOAJIEPKAHUIO PaboTOCTIOCOOHO-
CTH U NIPUBEACHUIO B HOPMATUBHOE COCTOSTHUE
[THI" B mpouecce 3KkcIutyaTaluu; sl pacdera
WHBECTHIHH ((r3ndecKux 00beMOB padoT) Ha
BoccTaHOBJIeHHE paborocnocodHocTr [THI ¢
LEJIBI0 BBIBOJIAa M3 COCTOSHUS Oe3feiicTBus,
pexoHcTpykiuu AedctByromux ITHI u o0y-
CTPOMCTBAa HOBBIX MECTOPOXKICHUH HEPTH U
ra3a; UHbIe BUbI pabOT Ha MPOTSHKEHUH LIHK-
na [THI.

Bo16op cTpareruii ynpaBieHUs pUCKa-
MU MPOBOAUTCS OTACIBHO AJIA KaXKIOTO0 PUCK
00pa3yrouiero CcoOBITUS B 3aBUCHUMOCTH OT
KaTeropu U BeIUUYUHBI prcka. COOTBETCTBHE
MEX]y KaTeropuen pucka 1 BhIOpaHHOHU CTpa-
TEruey ymnpaBi€HUs PUCKOM IPEJICTABICHO B
Tabuie 5.

Jnist KaXaoro puck-(hakTopa, KOTOPBI
MOJKET MPUBECTU K OTKa3y MPOEKTUPYEMOTO
He(Tera3onpoBoja, AOHKHBIO ObITH Mpeay-
CMOTPEHBI IPOEKTHBIE PEIIEHUS U TPeOOBaHUS
K SKCIUTyaTalliM, YCTpaHSIOIIUE / CHIDKaIo-
M€ HeTaTHUBHBIE TOCIECTBUS W/WIM CHUXKa-
IOLUE BEPOSATHOCTh HAPYLIEHMSI LIEIOCTHOCTH
ITHT'. IIpoexTHbIe pELIEHHs] IO CHUKEHUIO
AKCIUTYaTallUOHHBIX PHUCKOB U TIOBBIIIEHUIO
Hagexxnoctu [THIT paspabaTeiBatoTcst B COOT-
BETCTBUU C JCUCTBYIOUIMMH HOPMaMH MPOEK-
TUPOBaHUSA

u 0Oe30macHOM OKCILTyaTaluu

IPOMBICJIOBBIX TPYOOIIPOBOJIOB.
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3akiaoveHue
Jana xnaccupukanys SKCIUTyaTalliOHHBIX
PHCKOB MPOMBICIIOBBIX TPyOOIPOBOAOB cOopa
¥ TPAHCIIOPTHUPOBKH He(pTH U Taza.
HccnenoBan XapakTep HM3MEHEHHUS BEpO-
ATHOCTH YTEUKH (pa3nuBa) HETU B 3aBUCH-
MOCTH OT CTEIICHH Pa3JIuBa.

IIpennoxena crpaTerus ynpaBiIeHHs dKC-
IUTyaTallMOHHBIMM PUCKaMH TpU (QYHKIIMOHU-
POBaHMHU ITPOMBICIIOBBIX HEPTETa30IIPOBO/IOB.

Kondaukr unrepecon
ABTOpBI 3asIBJISIIOT 00 OTCYTCTBHM KOH-
¢bMKTa UHTEPECOB, CBA3AHHBIX C MyOIMKaIU-

el TaHHOU CTaTbU.
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onlarin ingilis dilina torciimasi. Sokil vo cadvallor birbagsa mogalonin
matninds onlara istinadlarin yaninda yerlasdirilmalidir.

Redaksiyaya daxil olmus mogqalslor plagiat yoxlama prosedu-
rundan kegir. Orijinalliq indeksi az1 75% olmalidir.

Mogqaloloro redaksiya heyoti torofindon toyin olunmus elmlor
doktorlar1 vo ya namizadlori roy verir. Magqalslora ray vermoak tgiin
redaksiya heyati vo surasi iizvleri, eloco do aparici miitoxessislor calb
edilir. Rayin verilmo miiddati 3 aya qodordir. Magaloys manfi roy
verildiyi halda redaksiya bu barodo miallifo molumat verir. Miial-
liflorin tokrar diizolislorindon sonra moqalo yenidon roygilors gon-
darilir, sonra ise ray¢inin son rayina asasen redaksiya heyoti maqaloni
nogr liglin tosdiqloyir vo ya imtina edir. Redaksiya motni redakto etmok
hiiququna malikdir.

Motnin yenidon yigilmasi zamani yarana bilocok ndgsanlari
aradan qaldirmaq mogsadi ilo mogalo motni Word for Windows
formatinda, Times New Roman 12 srifti, 1,15 interval ilo elektron
soklindo do redaksiyaya toqdim edilmolidir.

Olyazmanin nagri ti¢iin miialliflordon ddanis alinmur.

Daha ¢ox molumat vo moqalonin tortibati niimunosi saytda:
ama.com.az

TIIPABAJIA O®OPMJIEHUS CTATEM

Penkonnerus >xypHajga pacCMaTpUBaeT CTaThbH, KOTOPBIE COOT-
BETCTBYIOT HayYHOMY MPO(WIIIO )KypHaa, HUTJIE paHee He OIyOIInKO-
BaHBI M HE MIEPE/IaHbl B PEIAKIHU PYTUX KyPHAIIOB.

T'OTOBYIO CTaThIO CIIEMYET HANPABUTH B pENAaKIMio Ha e-mail:
amaxeber@yahoo.com.

Cratbhss MOXET ObITh HamMcaHa Ha a3epOailPKaHCKOM, aHIJIHii-
CKOM JTH00 PYCCKOM s3bIKE 00UIMM 00beMoM He Oosiee 10 cTpaHuil u
JI0JKHA BKIIIOYATh B ce0si:

1.HasBanue cratbu, 1M.0. ®amMuiinio aBTOPOB, HAUMEHOBAHHS U
ajipeca opraHuzaluii, rae paboTalT aBTOPHI;

2. E-mail oxHOro U3 aBTOpOB VISl IEPETUCKH;

3. Annoranuio (okono 1000 cuMBoIIOB);

4. Kimouessie cnosa (10 6 ciios).

Bcs BeilenepeunciieHHas HHGOpMaIys TODKHA OBITh TEpeBe/icHa Ha
TPH S3BIKA.

5. Tekcr crathu ¢ pa3OuBKOil Ha Bgedenue, Lleiv pabomul, Ilo-
cmanoeska 3aoauu, Pewenue 3adauu, 3axnouenue;,

6. Kon VJIK;

7. TpaHCIUTEPUPOBAHHBIN HA JIATHHUIIE CIIUCOK MCIIOJIb30BAHHON
nuteparypsl (B npenenax 7—10) ¢ ykazaHuem HOIHBIX Oubmnorpadu-
YECKUX JaHHBIX 00 HCTOYHHKE. B TOM 4HMClie CChUIKAa Ha JKypHal
«Becmuux  Aszepbaiioscanckoii  Hnowceneproii  Akademuuy. Crucox
COCTaBJISCTCS. B TOPSIAKE YKAa3aHUs CCHUIOK B TEKCTE MO BO3PACTaro-
meit: 1, 2, 3..., a He Bpa3bpoc.

8 Hassanus PUCYHKOB H Ta0JMII Ha s3bIKC HAIMCAHUS CTaTbH
TUIFIOC UX NEPEBOJ Ha AHTJIMACKHN SI3BIK. PI/ICyHKI/[ u TaGJ’II/II_ILI pacrto-
JIararoTCd HENOCPEACTBEHHO B TEKCTEC CTAThbU PAAOM CO CCBUIKAMU Ha
HUX.

IMocTynuBIIMe B peJaKIHIO PYKOIIHCH MPOXOIT IPOLEAYPY MPo-
BEpKH Ha ruiaruar. MHIeKC OPUTHHAIBHOCTH OJKEH COCTaBIISATh HE
menee 75%.

CraTbl pEeLEH3UPYIOTCS JOKTOpaMH M KaHAWAATaMd Hayk,
Ha3HAa4aeMbIMH pEJAaKIMOHHON Koserueil. K  peueHsupoBaHuio
CTaTeil NMPHBIIEKAIOTCS: WICHBl PEIKOJUIETHH, PEICOBET M BEIyILIHE
crienmanuctel. CpoK PEIEH3UPOBAHMUsI COCTAaBISET J0 3 Mecsies. B
cllydae 3aMEYaHMil K CTaThe Pe’aKiusi CBsHKETCs ¢ aBTOopoM. Ilocne
MOBTOPHOTO aBTOPCKOTO PENAKTHPOBAHUS CTAThsl HANPABILIETCS IS
MOBTOPHOM PELCH3WH, a 3aTeM Ha OCHOBAHHU OKOHYATEIHHOTO 3a-
KITIOUCHUSI PELICH3EHTa PEIKOJUICTHS YTBEpIKAaeT CTAaThI0 IS ITyOIIH-
Kaluu 00 OTKIOHSET. Peakims ocTaBisieT 3a Co00i MpaBo MPOU3-
BOJUTD PEIAKIIMOHHBIC H3MCHEHUSL.

C menplo MCKIIOYEHHS OIEYaTKH IIPU BEPCTKE CTAThU IIpockda
MIPUCTIATh TEKCT MU PUCYHKH B 3JIEKTPOHHOM BHJe B hopmare Word for
Windows, mpudr Times New Roman 12, unrepsai 1,15.

[narta ¢ aBTOPOB 3a ITyOIMKAIUIO PYKOIICH HE B3bIMAETCSL.

Bosee moapobHas uHGopManus u odpasers 0hOpPMIICHHS CTaTbH —
Ha caiiTe: ama.com.az
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